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PEEF A CE 



In preparing the following work, it ma intended to pro- 
sent a systematic and somewhat complete statement of the 
principles of Geology, within such limits that they may be 
thoroughly studied in the time, usually allotted to this 
science. 

A sufficient number of leading facts has been introduced 
to enable the learner to feel that every important principle 
is a conclusion to which he has himself arrived ; and yet, for 
the purpose of compression, that fulness of detail has been 
avoided with which more extended works abound. In fur- 
therance of the same object, authorities are seldom cited. 

The consideration of geological changes is made a dis- 
tinct chapter, subsequent to the one on the arrangement of 
materials. It should, however, be remembered that these 
processes of arranging and disturbing are not thus separ- 
ated in time. In nature the two processes are always going 
on together. 

It seemed important to exhibit the science with as much 
unity and completeness as possible ; and hence, discussions 
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upon debatable points in Theoretical Geology, so interesting 
to mature geologists, would have been out of place here ; 
and yet those more intricate subjects have not been omit- 
ted. A large proportion of the work is devoted to the 
explanation of geological phenomena, in order to convey an 
idea of the modes of investigation adopted, and the kind of 
evidence relied on. Where diversities of opinion exist, that 
view has been selected which seemed most in harmony with 
the facts ; and the connection has not often been interrupted 
to combat, or even to state, the antagonist view. 

Technical terms have, in a few instances, been introduced, 
and principles referred to, which are subsequently explained. 
The index will, however, enable the student to understand 
them, without a separate glossary. 

Some may prefer to commence with the second chapter, 
deferring the study of the elementary substances, minerals 
and rocks, to the last. Such a course may be pursued with- 
out special inconvenience. 

Questions have been added, for the convenience of those 
teachers who may prefer to conduct their recitations by this 
means. But, when the circumstances of the case admit of 
it, a much more complete knowledge of the subject will be 
acquired by pupils who are required to analyze the sections, 
and proceed with the recitation themselves ; while the teach- 
er has only to correct misapprehension, explain what may 
seem obscure, and introduce additional illustrations. 
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CHAPTER I. 

OF THE MATERIALS WHICH COMPOSE THE CRUST OF THE 

EARTH. 

SECTION I. ELEMENTARY SUBSTANCES. 

There are about sixty substances known to the chemist which 
are considered as elementary ; but most of them are rarely met 
with, and only in minute quantities. A few of them are, however, 
so abundant, in the composition of the crust of the earth, as to ren- 
der some attention to them necessary. 

Oxygen is more widely diffused than any other substance. It 
is an ingredient of water and of the atmosphere, — the former con- 
taining eighty-eight per cent., and the latter twenty-one. Nearly 
«H rocks contain oxygen in combination with the metallic and 
metalloid bases, and the average proportion of oxygen which they 
contain is about forty-five per cent, ; so that it will not differ 
much from the truth to consider the oxygen in the earth's crust as 
equal in weight to all the other substances which enter into its 
composition. 

Hydrogen occurs in nature principally in combination with 
oxygen, forming water. It is also an ingredient in bitumen and 
bituminous coal. 

Nitrogen is confined almost entirely to the atmosphere, of which 
it forms four-fifths. It enters into the composition of some varie- 
ties of coal, and is sparingly diffused in most fossiliferous rocks. 

One of the most important substances in nature is carbon. It 
constitutes the principal part of all the varieties of coal, as well as 
of graphite, peat and bituminous matter. A much larger amount 
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of carbon exists in the carbonic acid which is combined with the 
oxides of the metalloids and metals. The most abundant of these 
compounds is limestone, which contains about twelve per cent, of 
carbon. 

In the neighborhood of volcanoes sulphur is found pure and in 
a crystalline form. It is a constant ingredient in volcanic rocks, 
and in several of the most important ores, particularly those of 
lead, copper and iron. The most abundant sulphate is gypsum, 
which contains twenty-six per cent, of sulphur. In small quan- 
tities it is widely diffused in rocks, and in the waters of the ocean. 

Chlorine is found principally as an ingredient of rock-salt, which 
contains sixty per cent, of it, and of sea-water, which contains one 
and a half per cent. 

Fluorine is found, though very sparingly, in nearly all the 
unstratified rocks. It forms nearly half of the mineral known as 
Derbyshire spar. 

Of the metals, Iron is the only one that is found abundantly. 
It enters into the composition of nearly all mineral substances. It 
is generally combined with oxygen, and occurs less frequently as a 
carbonate or sulphuret Of volcanic rocks it forms about twenty 
per cent. Its ores are sometimes found in the form of dikes or 
seams, having been injected from below ; at other times, in the 
form of nodules or stratified masses, like other rocks of mechanical 
origin. 

Manganese is likewise extensively diffused, but in very small 
quantity. The other metals are often met with, but their locali- 
ties are of very limited extent. 

Of the metallic bases of the earths and alkalies, Silkium is the 
most abundant. It generally occurs in the form of silex, which is 
an oxide of the metal. There are but few rocks in which it is 
not found in considerable amount. 

Aluminium generally occurs as an oxide, in which form it is 
alumina. It is the base of the different varieties of clay and clay- 
slate. It is also a constituent of felspar and mica. 

Potassium is an ingredient of felspar and mica, and hence is 
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found in all the primary and in most of the volcanic rocks, as 
well as in the stratified rocks derived from them. 

Sodium is a constituent of a variety of felspar which is some* 
what abundant in volcanic rocks. Its principal source is the 
extensive beds of rock-salt, and the same substance in a state of 
solution in the waters of the ocean. 

Calcium constitutes about forty per cent, of limestone, and is 
an ingredient in nearly all igneous rocks. This metal, in the state 
of an oxide, is lime. 

Magnesium is somewhat abundant, but less so than calcium. It 
is one of the bases of dolomite and magnesian limestone, and is an 
ingredient of talc and all talcose rocks. 

The substances now enumerated constitute nearly the entire 
mineral mass of the crust of the earth. They may be arranged in 
the following order : — 

I. NON-METALLIC SUBSTANCES. 

Oxygen. Hydrogen. Nitrogen. 

Carbon. Sulphur. Chlorine. 

Fluorine. 

II. METALS. 
Iron. Manganese. 

HI. METALLIC BASES OF THE EARTHS AND ALKALIES. 

Silicium. Aluminium. Potassium. 

Sodium. Calcium. Magnesium. 

These substances, chemically combined, form Simple Minerals. 



SECTION II. SIMPLE MINERALS. 

All substances found in the earth or upon its surface, which are 
not the products of art or of organic life, are regarded by the 
mineralogist as simple minerals. About four hundred mineral 
species are known, and the varieties are much more numerous ; but 
only a small number of them are so abundant as to claim the 

2 
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attention of the geologist. An acquaintance with the following 
species is, however, necessary. 

Quartz is probably the most abundant mineral in nature. It 
is composed wholly of silex. Its specific gravity is 2.65. It is the 
hardest of the common minerals, gives sparks with steel, scratches 
glass, and breaks into irregular angular fragments under the hammer. 
When crystallized, its most common form is that of a six-sided 
prism, terminated by six-sided pyramids. When pure, it is trans- 
parent or translucent, and its lustre is highly vitreous. The 
transparent variety is called rock crystal. When purple, it is 
amethyst. When faint red, it is rose quartz. When its color is 
dark brown, or gray, and it has a conchoidal fracture, it is flint. 
When quartz occurs in white, tuberous masses, of a resinous lustre 
and conchoidal fracture, it is opal. The precious opal is distin- 
guished by its lively play of colors. Jasper is opaque, and -con- 
tains a small per cent, of oxide of iron, by which it is colored dull 
red, yellowish red or brown. The light-colored, massive, trans- 
lucent variety is chalcedony. The flesh-colored specimens are 
carnelian. When composed of layers of chalcedony of different 
colors, it becomes agate. Several of the varieties of quartz, such 
as amethyst, opal, carnelian and agate, are used to considerable 
extent in jewelry. 

Felspar is composed of silex, alumina and potassa. It resembles 
quartz, but it is not as hard, cleaves more readily, and is not gen- 
erally transparent. Its specific gravity is 2.47. Its lustre is 
feebly vitreous, but pearly on its cleavage faces. Its color is 
sometimes green, but generally dull white, and often inclined to 
red or flesh-color. 

Mica is composed of the same ingredients as felspar, together 
with oxide of iron. Its specific gravity is nearly three. It is 
often colorless, but frequently green, smoky, or black. It may 
be known by its capability of division into exceedingly thin, trans- 
parent, elastic plates. 

^Hornblende is composed of silex, alumina and magnesia. Its 
specific gravity is a little above three. Its color is generally some 
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shade of green. When dark green or black, whether in a massive 
or crystalline state, it is common hornblende. When light green, 
it is actinolite. The white variety is tremolite. When it is com- 
posed of flexible fibres, it is asbestus ; and when the fibres have also 
a silky lustre, it is amianthus. 

Augite or Pyroxene has, till recently, been considered as a 
variety of hornblende. . Its specific gravity is slightly different ; 
its composition is the same, and in general appearance it is not 
easily distinguished from hornblende. It has, however, been made 
a distinct species, because its crystalline form is different. 

Hyperstkene is composed of silex, magnesia and oxide of iron. 
Its specific gravity is 3.38. It closely resembles hornblende. The 
lustre of its cleavage faces is metallic pearly. Its color is grayish 
or greenish black. 

Talc is composed of silex and magnesia. Its specific gravity is 
2.7. It resembles mica in its general appearance and in its lam- 
ellar structure, but it is easily distinguished from it by its plates 
being not elastic, and by its soapy feeL Its color is generally some 
shade of green. Soapstone is an impure variety of talc, of a light 
gray color, earthy texture, and is unctuous to the touch. Chlo- 
rite, another impure variety, is a dark green rock, massive, easily 
cut with a knife, and unctuous to the touch. 

Serpentine is composed of silex and magnesia. Its specific 
gravity is 2.55. It is generally massive, unctuous to the 
touch, and of a green color. It is often variegated with spots 
of green of different shades. With a mixture of carbonate of 
lime it forms the verd antique marble. 

Carbonate of Lame, or common limestone, is composed of car- 
bonic acid and lime. Its specific gravity is 2.65. It presents a 
great variety of forms'. In a crystalline state it is generally trans- 
parent, and when so, possesses the property of double refraction. 
It may be distinguished from every other common species by its 
rapid effervescence with acids. It readily cleaves parallel to all 
the faces of the primary form, which is a rhombohedron. 

Sulphate of Lame, or Gypsum, is composed of sulphuric acid 



16 MINERAL MASSES. 

and lime. Its specific gravity is 2.32.. When crystalline, it has a 
pearly lustre, is transparent, and goes under the name of Selenite. 
Common Gypsum resembles the other earthy limestones, but it is 
softer, and may be readily distinguished by its not effervescing 
with acids. 

To the minerals now enumerated may be added the following, 
which are of frequent occurrence, but not in great quantities ; 
namely, carbonate of magnesia, oxide of iron, iron pyrites, rock- 
salt, coal, bitumen, schorl and garnet. 

These simple minerals, either in separate masses or mingled 
more or less intimately together, compose almost wholly the 
earth's crust. 
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SECTION m. — THE MINERAL MASSES WHICH FORM THE CRUST 01* 

THE EARTH. 

* 

That portion of the structure of the earth which is accessible to 
man is called the crust of the earth. 

The mineral masses which compose it, whether in a solid state, 
like granite and limestone, or in a yielding state, like beds of sand 
and clay, are called rocks. 

The unstratified rocks are Granite, Hypersthene rock, Lime- 
stone and Serpentine, and the Trappean and Volcanic rocks. 

Granite is a rock of a light gray color, and is composed of 
quartz, felspar and mica, in variable proportions, confusedly crys- 
tallized together. The felspar is generally the predominant min- 
eral. It is sometimes of a very coarse texture, the separate min- 
erals occurring in masses of a foot or more in diameter. At other 
times it is so fine-grained that the constituent minerals can scarcely 
be recognized by the naked eye ; and between these extremes there 
is every variety. The term granite is not, however, confined to an 
aggregate °f these three minerals. In some instances the felspar 
so predominates as almost to exclude the other minerals, when it 
is called felspathic granite. "When the quartz appears in the 
form of irregular and broken lines, somewhat resembling written 
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characters, in a base of felspar, it is called graphic granite. When 
talc takes the place of mica, it is talcose granite. When horn- 
blende takes the place of mica, it is syenite. Granite or any 
rock becomes porphyritic when it contains imbedded crystals of 
felspar. 

There is a rock of crystalline structure, like granite, bat of a 
darker color, which is called hypersthene rock. It is composed of 
Labrador felspar and hypersthene. The mineral species serpen- 
tine and limestone often occur unstratified in considerable quantities. 
' Volcanic rocks consist of the materials ejected from the cra- 
ters of volcanoes. They are composed of essentially the same min- 
erals as trap rocks. When the material has been thrown out in a 
melted state, it is called lava. Lava, at the time of its ejection, 
contains a large amount of watery vapor at a high temperature. 
Under the immense pressure to which it is subjected in the volcanic 
foci, it may exist in the form of water ; but when the lava is thrown 
out at the crater, the pressure cannot much exceed that of the 
atmosphere. The particles of water at once assume the gaseous 
form. As lava possesses considerable viscidity, the steam does not 
escape, but renders the upper portion of the mass vesicular. This 
vesicular lava is called scoria. By the movement of the stream 
of lava, these vesicles become drawn out into fine capillary tubes, 
converting the scoriae into pumice-stone. 

A large part of the materials ejected from volcanoes is in the 
form of dust, cinders and angular fragments of rock. These soon 
become solidified, forming volcanic tuff, or volcanic breccia. In 
submarine eruptions these fragments are spread out by the water 
into strata, upon which other materials, not volcanic, are after- 
wards deposited. These interposed strata are called volcanic grits. 

The trappean rocks are composed of felspar, mingled intimately 
and in small particles with augite or hornblende. They also con- 
tain iron and potassa. They are often porphyritic, When they 
contain spherical cavities, filled with some other mineral, such as 
chlorite, carbonate of lime or agate, they are called amygdaloidal 

trap. 
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The principal varieties of trappean rock are basalt, green stone, 
and trachyte. In basalt, augite, or, in some cases, hornblende, is 
the predominant mineral. It is a heavy, close-grained rock, of a 
black or dark brown color. Greenstone differs from basalt in 
containing a much larger proportion of felspar. Its structure is 
more granular, and frequently it assumes so much of the crystal- 
line form as to pass insensibly into syenite or granite. It is a 
dark colored rock, with a slight tinge of green. Both green stone 
and basalt are disposed to assume the columnar form, the columns 
being arranged at right angles to the faces of the fissure into which 
the trap is injected. When it is spread out into broad horizontal 

.,:. Tig. 1. 
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masses, the columns are vertical. (Fig. 1.) Trachyte is composted 
principally of felspar, is of a grayish color, and rough to the touch. 

Of the stratified rocks the following are the most important ; 

Gneiss is a rock closely resembling granite. It is an aggregate 
of the same minerals, but the proportion of mica is somewhat 
greater. The only distinction between them is that the gneiss is 
stratified, but the stratification is often so indistinct that it passes 
insensibly into granite. Generally, however, the stratification is 
so distinct as to present a marked difference. 

Mica slate is such a modification of gneiss that the mica 
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becomes the predominant mineral, with a small intermixture of 
quartz and felspar. Consequently the stratification becomes very 
distinct, so as sometimes to render the mass divisible into thin 
sheets. The stratification is often wavy, and sometimes much 
. contorted. 

Sandstone consists of grains or fragments of any other rock, 
but more frequently of siliceous rocks. The fragments are con- 
solidated, sometimes without any visible cement, but often by a 
paste of argillaceous or calcareous substance. The color varies 
with that of the rock from which it was derived. Generally, how- 
ever, it is either drab or is colored red by oxide of iron. The 
fragments are sometimes so minute as scarcely to give the rock the 
appearance of sandstone. When they are of considerable size and 
rounded, the rock is called conglomerate. When they are angu- 
lar, it is called breccia. Greensand is a friable mixture of sili- 
ceous and calcareous particles, colored by a slight intermixture of . 
green earth or chlorite. 

Limestone is a very abundant rock, and occurs in many differ- 
ent forms. In transparent crystals it is Iceland spar. When 
white and crystalline, it is primary limestone, saccharine lime- 
stone, or statuary marble. When sub-crystalline it is generally 
more or less colored. It is often clouded with bands or patches of 
white in a ground of some dark color. When its texture is close, 
and the crystallization scarcely apparent, it is compact limestone. 
The white, earthy variety is chalk. A variety of limestone com- 
posed of small spheres is called oolite. Lias is the name given 
to an impure argillaceous variety of a brown or blue color. Any 
rock which contains a considerable proportion of carbonate of lime, 
and which rapidly disintegrates on exposure to the atmosphere, is 
called marl. Limestone sometimes contains carbonate of magnesia. 
It is then magnesian limestone, or dolomite. 

Clay consists of a mixture of siliceous and aluminous earth. It 
is tough, highly plastic, and generally of a lead blue color. It is 
always stratified, and often divided into very thin laminae, which 
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are separated by sprinklings of sand only sufficient to keep them 
distinct. 

Clay slate, or argillaceous schist, is composed of the same mate- 
rials as clay, and differs from it only in having become solidified. 
Its color is gray, dark brown or black. In some beds it is purple. 
Shale is the same material in a state of partial solidification. On 
exposure to the weather, it soon disintegrates, and is finally recon- 
verted into clay. All the varieties of argillaceous rock are easily 
distinguished by a peculiar odor which they emit when breathed 
upon. 

Argillaceous slate sometimes takes into its composition portions 
of some other mineral, such as talc, mica, or hornblende. When 
any of these minerals becomes so abundant as to constitute a con- 
siderable part of the mass, the rock becomes talcose, micaceous, or 
hornblende slate. Sometimes this last variety loses all appear- 
ance of a fissile structure, and is composed almost wholly of horn- 
blende. It is then called hornblende rock. 

Diluvium is the name applied to masses of sand, gravel, and 
large rocks, called boulders, heaped confusedly together on the 
surface of the earth. It is also called drift. 



CHAPTER II. 

OF THE ARRANGEMENT OF THE MATERIALS WHICH COM- 
POSE THE CRUST OF THE EARTH. 

SECTION I. — THE CLASSIFICATION OF BOCKS. 

In the first place, we divide rocks into stratified and tm- 
stratified. This division is one which will in general be easily 
recognized, even by the most inexperienced observer ; and the dis- 
tinction is important, because it separates the rocks of igneous ori- 
gin from those which have been produced by deposition of sedi- 
ment from water. 

It will be shown hereafter that a part of the unstratified rocks 
have been formed at or near the surface of the earth ; that is, they 
have taken their present form by passing from a state of fusion to 
a solid state above or between the stratified rocks, as in the case of 
lava (Fig. 2, A). The other unstratified rocks have cooled so as 
to take the solid form below the stratified rocks, as at B. The 
first are called epigene, or volcanic rocks ; the last, hypogene % or 
plutonic rocks. 

The lowest portion of the second division, the stratified rocks, 
are termed non-fossiliferous, from the fact that they contain no 
evidence of the existence of organic beings at the time when they 
were deposited. Their relation to the other rocks is shown at C. 
It is supposed that these rocks have been subjected to great 
changes by heat from the igneous rocks below them. On this 
account Mr. Lyell proposes to call them metamorphic rocks. The 
other portions of the stratified rocks are fossiliferovs, containing 
the remains of organic beings which lived at the period when the 
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rocks were deposited. They are represented at D. The division 
of the last-named rocks into groups will be given hereafter. 

We have then four principal classes of rocks: Plutonic 
Rocks, Volcanic Bocks, Non^bssUiferous Stratified Bocks and 
Jfbssilifereus Bocks, 



SECTION n. — THE PLUTONIC ROCKS. 

Granite is by far the most important of this class of rocks. Of 
its thickness no estimate can be made, as no mining operations 
have ever penetrated through it, and none of the most extensive 
displacements of rocks by natural causes has brought to the sur- 
face any other rock on which it rests. It may, therefore, be con- 
sidered the foundation rock, the skeleton of the earth, upon which 
all the other formations are supported. The whole amount of 
granite in the earth's crust may be greater than that of all other 
rocks, but it comes up through the other formations so as to be 
exposed over only a comparatively small portion of the surface, 
and this is generally the central portion of mountain ranges, or the 
highest parts of broken, hill country. Still, it is not unfrequently 
found in the more level regions, in the form of slightly elevated 
ridges, with the stratified rocks reclining against it. 

The structure of granite seems frequently to be a confused 
mixture of the minerals which compose it, without any approach 
to order in their arrangement ; but in many cases it is found to 
split freely in certain directions, and to work with difficulty in any 
other. This may result from an arrangement of the integrant 
crystals, so that their cleavage planes approach more or less nearly 
to parallelism. When this is the case with the mica or felspar, it 
must diminish the cohesion in a direction perpendicular to these 
planes, and thus facilitate the cleavage of the mass. 

Granite is found to penetrate the stratified rocks in the form of 
veins. The following section (Fig. 3) will show the relation of 
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granite reins to the granitic mass below. The granite which is 
quarried for architectural purposes is often in comparatively email 
Fig- 3- quantities, disappearing at the distance 

of a few hundred Tarda beneath the 
stratified rock ; or else it exists in the 
form of isolated dome-shaped masses. 
It is probable that, if they could be fol- 
lowed sufficiently far, they would be 
found to be portions of dikes coming 
from the general mass of granite be- 
low. Even the granite nuclei of the 
great mountain ranges may be consid- 
ered as injected dikes of enormous mag- 
_nitude. 

Granite is itself intersected with granite veins more frequently, 
perhaps, than any other rocks ; but the rein is a coarser granite 
than the rock which it divides. 
It is not uncommon to find one set 
', of dikes intercepted and cut off by 
'■ a second set, and the second by a 
- third. The substance of the dikes 
as, of course, in a liquid state when 
', it was injected, and the first must 
; have become solid before the Becond 
i' was thrown in ; hence the dikes are 
; of different ages. The dikes a be, 
esented in Fig. 4, must have 
been injected in the order in which they are lettered. 

It is probable that, by the process of cooling, the liquid mass 
from which these dikes have proceeded has been gradually solid- 
ifying from the surface downwards. If so, it would follow that 
the granite nearest the surface (1, Fig. 2) is the oldest, and the 
newest is that which is at the greatest distance below (4). It is 
possible that at great depths granite may be still forming, — that 
is, taking the solid form, — though of this there can be no direct 
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proof. There is, however, proof that it has been liquid at periods 
of time very distant from each other ; for the dikes sometimes 
reach to the top of the coal formation (for example), and then 
spread themselves oat horizontally, as at a, showing that the rock 
above the coal had not then been deposited. Another dike will 
extend through the new red sandstone, as at b, and spread itself out 
horizontally as before. These horizontal layers of granite, by their 
position in strata whose ages are known, indicate the periods when 
granite has existed in a liquid state. Granite veins have been dis- 
covered in the Pyrenees as recent as the close of the cretaceous 
period, and in the Andes they have been found among the tertiary 
rocks. 

There are several other rocks, of minor importance, often found 
in connection with granite. Hypersthene rock, in a few. cases, 
forms the principal part of mountain masses. Greenstone is more 
frequently associated with the trappean rocks, but it sometimes 
passes imperceptibly into syenite and common granite. Limestone 
is found in considerable abundance, and serpentine in small quan- 
tities, as primary rocks, and have evidently been formed like 
granite, by solidifying from a state of fusion. 



SECTION IU. — THE VOLCANIC BOCKS. 

The volcanic rocks consist of materials ejected from volcanoes. 
They are, however, ejected in very different states ; sometimes as 
dust, sand, angular fragments of rock, cinders, Ac., and sometimes 
as lava streams. In some instances, the lava has so little fluidity 
that it accumulates in a dome-shaped mass over the orifice of erup- 
tion, and perhaps in a few instances it has been thrust upward in 
a solid state. 

There are two principal varieties of lava, — the trachytic, con- 
sisting mostly of felspar, and the basaltic, consisting of hornblende. 
When both kinds are products of the same eruption, the trachytic 
lava is thrown out first, and the basaltic last. The reason of 
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this is, that felspar is lighter than hornblende, and probably rises 
to the surface of the lava mass at the volcanic focus, and the basal- 
tic lava is therefore reserved till the trachy tic has been thrown off. 

These, like other rocks, have been produced at different epochs. 
There is, however, great difficulty in determining their age. There 
are some differences of structure and composition observed, in com- 
paring the older and newer lavas ; but the only method that can be 
relied on to determine their age is their relation to other rocks. 
When they occur between strata whose age is determined by imbed- 
ded fossils, they must be of intermediate age between the inferior 
and superior strata. 

1. Modern Volcanic Rocks. — Some of the volcanic rocks are 
of modern origin, and are produced by volcanoes now active. The 
total amount of these, and of all the other volcanic rocks, is prob- 
ably less than that of either of the other principal divisions of 
rocks ; yet they form no inconsiderable part of the earth's crust. 
The number of active volcanoes is not far from three hundred, and 
the number of eruptions annually is estimated at about twenty. 
In some cases, the lava consists of only a single stream, of but a 
few hundred yards in extent. It extends, however, not unfre- 
quently twenty miles in length, and two or three hundred yards in 
breadth. The eruption of Mount Loa, on the island of Hawaii, in 
1840, from the crater of Kilauea, covered an area of fifteen square 
miles to the depth of twelve feet; and another eruption of the same 
mountain, in 1843, covered an area of at least fifty square miles. 
The eruption in Iceland, in 1783, continued in almost incessant 
activity for a year, and sent off two streams in opposite directions, 
which reached a distance of fifty miles in one case, and of forty in 
the other, with a width varying from three to fifteen miles, and with 
an average depth of more than a hundred feet. The size of some 
of the volcanic mountains will also assist in forming an idea of the 
amount of volcanic rocks. Monte Nuovo, near Naples, which is a 
mile and a half in circumference and four hundred and forty feet 
high, was thrown up in a single day. iEtna, which is eleven thou- 
sand feet high, and eighty-seven miles in circumference at its 
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base, has probably been produced wholly by its own eruptions. A 
large port of the chain of the Andes consists of volcanic rook, hat 
the proportion we have not the means of estimating. 

2. Tertiary Lavas. — There is another class of volcanic prod- 
ucts, which are bo situated with reference to the tertiary strata 
that they must be referred to that period. The principal locali- 
ties of these lavas, so far as yet known, are Italy, Spain, Central 
France, Hungary, and Germany. They are also found in South 
America. Those of Central Prance have been studied with the 
most care. They occur in several groups, but they were the seats 
of volcanic activity during the same epoch, and formed parts of one 
extensive volcanic region. Each of these minor areas, embracing 
a circle of twenty or thirty miles in diameter, is covered with hills 
two or three thousand feet in height, which are composed entirely 
of volcanic products, like tie cone of JEtn*. On many of them 
there are perfectly-formed orators still remaining. Numerous 
streams of lava have flowed from these craters, some of which can 
now be traced, throughout their whole extent, with u muoh cer- 
tainty as if they were eruptions of the present century. Some of 
the lavas have accumulated around the orifices of eruption, form- 
ing rounded, dome-shaped eminences. These lavas generally con- 
sist of trachyte, and have therefore a low specific gravity, and 
imperfect fluidity. The basaltic lavas have often spread out over 
broad areas, and, when they have been confined in valleys, have 
reached a distance of fifteen miles or more from their source. 
There still remain indications of a. current of lava, which was 
Fig. 5. 




thirty miles long, six broad, and in a part of its course from foor 
to six hundred feet deep. The above sketch (Fig. 5) will give 
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some idea of the highly volcanic aspect which the district of 
Auvergne, in France, presents. 

The unimpaired state of some of the cones and craters, and of 
the lava currents, would lead to the impression that these regions 
have been the theatre of intense volcanic action within a very 
recent period. But there is good reason to believe that this has 
not been the case. " The high antiquity of the most modern of 
these volcanoes is indeed sufficiently obvious. Had any of them 
been in a state of activity in the age of Julius Caesar, that general, 
who encamped upon the plains of Auvergne and laid siege to its 
principal city, could hardly have failed to notice them." 

It is equally certain that the commencement of their activity 
was at a late period in the history of the earth. Lava currents 
are frequently found in France resting upon the early tertiary 
strata, but no lava current is found below them. The later ter- 
tiary strata contain pebbles of volcanic rocks, showing that lavas 
had been previously ejected, but none are found in the older strata 
of this formation. We must, therefore, conclude that these vol- 
canic tracts assumed their volcanic character at some intermediate 
point in the tertiary period. 

When we find that their activity commenced at so late a period 
and closed so long ago, we might be led to suppose that it was of 
very short duration. But a great number of facts, in the present 
condition of the country, require that we should assign to them a 
very prolonged activity. A single instance will be sufficient to 
show the nature of the evidence upon which this conclusion rests. 
The heavy line (Fig. 6) represents the present form of one of the 
valleys. A bed of lava forms the highest point of land repre- 
sented, and a second bed is found in an intermediate part of the 
slope. The position of the upper bed must have been a valley, 
when the lava flowed there. We may represent this valley by the 
line a b c. The slow operation of natural denuding causes at 
length excavated the valley d e h, when another lava current 
flowed through it, covering its bed of pebbles, as before. The same 
denuding causes have at length produced the present valley, /# h. 
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These remnants of lava- currents, as they have formed a very imper- 
ishable rock, bare protected the subjacent strata from erosion, and 
Kg. 6. 




furnish evidence of the position of the valley at different periods. 
When we consider with what extreme slowness denuding causes 
produce changes on the surface, and what extensive changes they 
have here nevertheless effected in the interval between the produc- 
tion of the different lava currents, we are compelled to feel that 
that interval was a very prolonged one. Yet this period, however 
long it may have been, was evidently lees than the period of activ- 
ity of these volcanoes. 

3. Volcanic rocks of an earlier date are also found, sometimes 
as distinct lavas, though generally as volcanic grits. They occur 
interstratificd with the cretaceous rocks, and with every other 
formation of the fossiliferous series, showing that, from the earliest 
times, these rocks have been accumulating as they now are. 

The trappean rocks may, in a general classification, be consid- 
ered as volcanic. It will be shown, hereafter, that they are the 
lavas of submarine volcanoes. They do not, however, occur in the, 
1 great tabular masses, generally 
i the form of dikes. They are also 
es or craters. 

a abundantly in all conn- 



form of lava currents, but i 
between stratified rocks, c 
entirely unconnected with com 
The trappean rooks occur n 



i of the most noted localities of this rook is a region 
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embracing the north of Ireland, and several of the islands on the 
western coast of Scotland. It contains the celebrated Giant's 
Causeway, which consists of a mass of columnar trap ; also Fingal's 
Gave, which is produced by a portion of the trap being columnar, 
and thus disintegrating more rapidly than the rest, by the action 
of the waves. An immense mass of greenstone trap, which has 
generally been considered as a vast dike, though often a mile in 
thickness, is found extending from New Haven to Northampton, 
on the west side of the Connecticut river. It then crosses to the 
east side, and continues in a northerly direction to the Massachu- 
setts line. Under different names, it constitutes a nearly contin- 
uous and precipitous mountain range for about one hundred miles. 
Dr. Hitchcock supposes this greenstone range to be, not an injected 
dike, but a tabular mass of ancient lava, which was spread out on 
the bed of the ocean during the period of the deposition of the 
Connecticut river sandstone. It was subsequently covered with a 
deposit of strata of great thickness, and then by subterranean forces 
thrown into its present inclined position. 

There is a mass of basaltic rock in the valley of the Columbia 
river, in the Oregon Territory, which extends without interruption 
for a distance of four hundred miles. Its breadth and thickness is 
not known, but in some places the river has cut a channel in this 
rock to a depth of four hundred feet. Its age has not been deter- 
mined, and it will, perhaps, be found to be "a tertiary or modem 
production. 



SECTION IV. — THE NON-FOSSIUFEROUS STRATIFIED (OR METAHOE- 

PHIC) BOCKS. 

1. Gneiss is the most abundant rock in this class, and is gen- 
erally found reposing on granite. Its stratification is sometimes 
very distinct, but it is often so imperfect that it can scarcely be 
recognized. This is more frequently the case in the vicinity of 
granite on which it rests, and into which it insensibly passes. A 
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Luge part of the material used for building purposes, under the 
name of granite, is obscurely marked gneiss. In all primary 
countries it is an abundant rock, occupying extensive districts, and 
sometimes forming mountain masses. 

2. Mica slate lies next above gneiss, and is a very abundant 
rock. As it differs from gneiss only in the proportion of mica 
which it contains, and as the quantity of mica in it is very dif- 
ferent in different places, it is often difficult to make the distinc- 
tion between them. It also passes by insensible degrees into the 
argillaceous rocks. Many of the argillaceous rocks are round, upon 
close examination, to contain mica in minute scales in such abund- 
ance as- to make it doubtful whether they ought not to be regarded 
as mica slates ; that is, the metamorphic action by which argillaceous 
slate is converted into mica slate had proceeded bo far, before it was 
arrested, that it becomes impossible to say whether the argillaceous 
or micaceous characters predominate. 

3. Argillaceous date. — The last rock of this series 4s a slaty 
rock, more or less highly argillaceous. It does not differ in lithe- 
logical characters from the same rock in the higher strata. It is 
doubtful whether the roofing-slates should be considered as belong- 
ing to the metamorphic series or not. They have been subjected 
to a very high degree of metamorphic action, and yet strata inti- 
mately associated with them have, in occasional instances, contained 
fossils. 

It is not easy to fix the exact upper limit of this series. The 
fossils are few, obscure, and seldom met with in the lowest fbssilif- 
erous series ; and the transition is very gradual from the distinctly 
metamorphic to the fbssiliferous rocks. This renders it impossible 
always to determine accurately the line of separation. 

The gneiss, mica slate and argillaceous slate, have the order of 
superposition in which they are here named. They differ only in 
the amount of metamorphic action to which they have been sub- 
jected ; and the gneiss which is most highly metamorphic has, by 
being the lowest, been most acted upon, — the mica slate less, and 
the argillaceous slate least. In a particular locality, however, the 
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lowest rock which was subjected to these causes of change, instead 
of having been of such a character as to produce gneiss, may have 
been a limestone, and in that case the lowest metamorphic rock 
would be a saccharine marble. In another locality the lowest rock 
may have been a sandstone, which would be,converted into quartz 
rock. Hence there may occur, in any part of the metamorphic 
series, crystalline limestone, quarts rock, hornblende slate, chlorite 
slate, and talcose slate ; and any one of these rocks may be as 
abundant in any particular region, as gneiss, mica slate or argillace- 
ous slate, is in another. 

The metamorphic rocks occur in all oountries where there has 
been any considerable amount of volcanic action, and their total 
amount is very great ; but their stratification is so confused 4hd 
contorted, their superposition so irregular, and denudations have 
been so extensive, that no estimate can be made of their thickness. 
They are, perhaps, equal to all the other stratified rocks. 



SECTION V. — THE FOSSILLFEROUS BOCKS. 

The fbssiliferous rocks are divided into seven systems, which are 
readily distinguished by the order of superposition, lithological char- 
acters and organic remains. These systems are the Silurian, the 
Old Red Sandstone, the Carboniferous, the New Red Sandstone, the 
Oolitic, the Cretaceous, and the Tertiary systems. There is also 
an eighth system now in process of formation. 

It is the opinion of some geologists that there is another system 
situated between the metamorphic rocks and the silurian system. 
It has been called by Dr. Emmons, who has studied it with much 
care, the "Taoonic System," the Taoonic Mountains, in the 
western part of Massachusetts, being composed of these rocks. It 
is the lower part of what has been called, in England and Wales, 
the Cambrian system. 

The strata of this system have a nearly vertical position, and 
consist principally of black, greenish and purple slates, of great 
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thickness. Granular quartz rook, however, ocean in considerable 
quantity, and in this country two thick and important beds, of 
limestone are found. These limestones are occasionally white and 
crystalline. Generally, however, as a mass, they are a dark, nearly 
black rock, with a network of lines of a lighter color. All the 
clouded marbles for architectural and ornamental purposes are from 
these beds, .and our roofing and writing slates are all obtained from . 
the argillaceous portion of this system. 

The number of species of organic remains contained in this 
system is very small, and these, so far as discovered, belong to the 
annellida, with a few doubtful oases of mollusca. This system of 
rocks is found coming to the surface in a large part of New Eng- 
land, and the eastern part of New Yofk, also in the western part 
of England and Wales. 

Those geologists who deny the existence of this system consider 
these rocks as parts of the silurian system which have been most 
disturbed by subterranean forces, and most altered by proximity to 
igneous rocks. The annexed sketch (Fig. 7) will exhibit the 
relations here referred to. Certain portions of the silurian rocks 
are supposed to have been thrown into folds by the upheaval of the 
primary rocks. The plications nearest to the intrusive granite 
would be most altered. That part of the figure below the line a a 
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represents the outcropping edges as they now appear, the upper 
portion of the folds having been removed by some abrading cause. 
As it is yet uncertain which of these views is correct, conve- 
nience will justify us in retaining the name of Cambrian system till 
further investigations shall settle the question. 



84 



fOSSILIFIBOUS BOCKS. 



1. The Silurian System. — The following tabular arrangement 
exhibits the divisions of the system as recognized in England, in 
New York, in Pennsylvania and Virginia, and in Ohio. 
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This name, Silurian, was first used to designate the lowest 
well-characterized fossiliferous rocks in England. Bat it is now 
used to embrace the whole system as it occurs elsewhere. It is 
well exhibited in New York, both in consequence of its great 
development there, and because the whole system is only slightly 
acted upon by disturbing forces, so that the outcropping edge of 
each division extends over a large surface. 

This system is of great thickness, amounting, in places where 
it is well developed, to twenty thousand feet. 

The Champlain division commences with a quartzose sandstone, 
passing gradually into limestone, which is succeeded by a very 
thick argillaceous deposit, the Utica slate and Hudson River group. 
The Ontario division in the lower* part is a mass of sandstone. 
Above this is the Clinton group, consisting of shales and sand- 
stones. The most important part of this group, in an economical 
point of view, is a fossiliferous, argillaceous iron ore, coextensive 
with the group in this country, and is worked to supply a large 
number of furnaces. The last of the division is the Niagara group, 
which commences with a mass of shale, and becoming at length 
calcareous, it terminates in a firm compact limestone. This lime- 
stone has withstood the action of denuding causes better than the 
shales either above or below it. It therefore presents a bold 
escarpment at its outcrop, and occasions waterfalls wherever 
streams of water cross it. The falls of Niagara are formed by this 
rock. The Niagara limestone, in its extension westward, becomes 
the lead-bearing rock of Missouri, Iowa and Wisconsin. The 
Helderberg division is a succession of highly fossiliferous limestones, 
with the intervention of only occasional beds of grits and shales. 
One member of the series is the Onondaga Salt group. The water 
obtained from this group in New York annually furnishes immense 
quantities of salt. The Erie division consists of a thick mass of 
shales and sandstones. 

The fossils of this system are very numerous, but consist mostly 
of the lower forms of animal life, Carols (Figs. 8 and 9) are 
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abundant, and constitute in some places a large proportion of 
the limestones. The Crinoidea, or lily-shaped animals, consist 
of a jointed stem permanently at- 
tached, and bearing at the free 
extremity of the stem an expand- 
ed portion, which is the pelvis, or 
estiva cavity. He month is 
' surrounded with a serifs of leaf- 
: like tentaoola, which serve the pnr- 
7 pose of seizing and holding food. 
Fig. 10 represents the pelvis of 
one of the silorian fossils. The 
general character of the animal is 
better represented by Fig. 80. 
The most abundant fossils of this 
period are the lowest orders of 
bivalve mollusca (Fig. 11). The 
Cephalopoda are characterised by 
having the organs of locomotion attached to the head. The shell 
of several species is peculiar in being divided into distinct cells, or 




Fig. 9. 




chambers (Fig. 12, b d), perforated by a tube (siphunole a). These 
fossil shells are sometimes straight, as the Orthocera* (Fig. 13), or 
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curved, as shown in the several forma of Kg. 14. The TrUobite 
Kg. 1L 




is mi articulated, omsUoeons animal, having two lines along t 
Flf. 16. 
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Pig. 13. Fig. 14. is derived. It is found in great 

numbers in the silurian rocks 
(Fig. 15). In a few instances 
remains of fishes have been 
found, but they by no means 
characterize the system. 

The geographical range of 
this system is probably great- 
er than that of any system of 
rocks above it. It is found 
occupying a large part of the 
territory west of the AUegha- 
. ny Mountains, from Canada, 
'through New York, and the 
other states, to Alabama ; and 
extending westward to and 
f beyond the Mississippi river. 
It occupies a large district in 
the west of England, and is 
found in great force in the 
north and easjt of Europe. 
2. The Old Red Sandstone. — This formation consists almost 
entirely of a sandstone of a red color. It admits of division into 
three parts, though the characters vary in different places. The 
lowest is a thin-bedded argillaceous sandstone, consisting of finely 
levigated material, and easily splitting into thin sheets. From this 
circumstance it has received the name of tilestone. The middle 
portion is composed of nodules or concretions of limestone im- 
bedded in a paste of red sand and shale. This has been called by 
English geologists, cornstone, and though very partially developed 
in some regions where the system is found, it is yet a very persistent 
member. The highest member of this formation is a mass of red 
sandstone, often passing into a coarse conglomerate. In England 
the thickness of the Old Red Sandstone is not less than ten thou- 
sand feet. In this country it is scarcely three thousand feet 
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The fossils of this system are a few shells, a mull number of veg- 
etable species, and in particular localities the remains of fishes in 
great abundance. The system is char- Fij. 18. 

acterized principally by fossils of this 
last kind. The fishes of this system 
have a cartilaginous skeleton, but are 
covered with plates of bone, which 
were faced externally with enamel. 
The jaws, which consisted of solid 
bone, were not covered with integu- 
ment. The exterior bony covering 
seems to have been the true skeleton, 
as is, in part, the case with the tor- 
toise. In some of the fishes of this 
period there is a wing-like expansion 
on each side of the neck, which has 
given them the name of Pterych- 
this (Fig. 17). In others, as the Cc~ 
phalaspis, the plate of bone on the 
back ia so large as to cover nearly 
the whole body, and make it resemble 
a trilobite (Fig. 16). 

This system has an extensive geographical range. In England, 
it occupies a band of several miles in width, extending from the 
Welsh border northward through Scotland to the Orkney Islands. 
In this country, it forms the Catskill Mountains, in New York, 
and extends south and west so as to .underlie the coal-fields of 
Pennsylvania and Virginia. 

S. The Carboniferous System. — This system consists of three 
parts, distinguished by lithological and fossil characters. 

The carboniferous limestone is a dark-colored, compact lime- 
stone, forming the base of the system, and reposing on the old red 
sandstone. Its thickness is from six hundred to one thousand 
feet, often with scarcely any intermixture of other rock ; but it 
sometimes loses its character of a limestone, and becomes a sand- 




stone, or conglomerate. It generally contains the ores of lead in 
considerable quantity, and from this circumstance baa been called 




metalliferous limestone. In England it ia the principal reposi- 
tory of these ores. In the Western States it in the upper portion 
of the lead-bearing strata. 

The fossila are marine, and very numerous. Corals and cri- 
noidea are very abundant. The crinoidea, in some localities, form so 
large a part of the rock as to hare given to it the name of encrinal 
limestone. The orthoceras and trilobite are found, but become 
extinct with this formation. Several species of bivalves, such as 
Delthyris and Leptsena, are also common. 

Next above the limestone lies the sandstone, sometimes called 
millstone grit. It is generally drab-colored, but occasionally red. 
ften equal to that of the limestone. Sometimes 
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it is fine-grained and compact ; bat generally it is coarse-grained, 
and often passes into a conglomerate. It contains but few fossils, 
and those of vegetable origin. 

The highest part of the system is the coal measures. They 
consist of beds of sandstone, limestone, shale, clay, ironstone and 
coal, occurring without much uniformity in their order of super- 
position. The coal measures have a thickness of about three thou- 
sand feet. The sandstones and limestones are not distinguishable 
from the sandstones and limestones in the lower part of the sys- 
tem. The ironstone either occurs in concretionary nodules, often 
formed around some organic nucleus, or it is an argillaceous ore, 
having a slaty structure. In either case, it consists of subordinate 
beds in the shale. The coal consists of several beds distributed 
through the measures. The beds vary in thickness from a few 
lines or inches to several feet. In a few cases beds have been 
found measuring fifty or sixty feet in thickness. The workable 
beds are ordinarily from three to six feet thick. 

The carboniferous formation is very much disturbed by dikes, 

see also Fig. 50), 
and other disloca- 
tions. The amount 
of change of posi- 
tion in the strata, by 
faults, is very va- 
rious ; frequently 
but a few feet. In 

one case in England there is a fault of nearly a thousand feet. 

There is a case of dislocation in Belgium where the strata are bent 

into the form of the letter Z, so that a perpendicular shaft would 

cut through the same tad of coal several times. 

The characters and order of superposition which have now been 

given may be regarded as the general type of the carboniferous 

formation. There are, however, several important modifications. 

1. Beds of coal sometimes alternate with beds of millstone grit. 

4* 
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Thus, in Scotland and in the north of England, this intermediate 
member of the system disappears, or, rather, is incorporated with 
the coal measures. The same is true, to considerable extent, in 
this country. 2. Sometimes the carboniferous limestone also dis- 
appears as a distinct member of the system, partly by becoming 
arenaceous, and partly by the intercalation of beds of coal. In 
this last case, the whole formation from the old to the new red 
sandstone becomes a series of coal measures. In this country the 
carboniferous limestone is found very generally to underlie the 
coal strata. 3. The fractures and faults, which were formerly sup- 
posed to be characteristic of the coal formation, are seldom found 
in the great coal-fields of this country, except in those of the 
anthracite coal of Pennsylvania ; and even there they are much, 
less common than in the coal-fields of Europe. 

There are three principal varieties of coal, distinguished by the 
different proportions of bitumen which they contain. The common 
bituminous coal kindles readily, emits much smoke, and throws 
out so much liquid bitumen that the whole soon cakes into a solid 
mass. It contains about forty per cent, of bitumen. The second 
kind, or cannel coal, contains twenty per cent., and inflames easily, 
but does not agglutinate. The stone-coal, or anthracite, contains 
scarcely any bitumen, ignites with difficulty, emits but little smoke, 
and produces a very intense heat. The bituminous varieties are 
always found in the least disturbed portions of the coal districts ; 
and the anthracite is found in the more broken and convulsed por- 
tions, where we may suppose that the subterranean heat has been 
sufficient to drive off the volatile bituminous part, and reduce it 
to the anthracite form. Hence the eastern Pennsylvania coal- 
fields, which lie near the principal axes of elevation of the Appa- 
lachian Mountains, furnish only anthracite ; while the same coal- 
seams, in their extension to the western part of the state, are 
bituminous. 

Where coal is quarried in large quantity v a shaft is sunk through 
the overlying strata to the coal-beds, and the coal is raised to the 
surface by steam power. After the coal has been quarried to some 
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distance from the shaft, pillars of unquarried coal are left to sap- 
port the overlying strata. Fatal accidents hare sometimes occurred 
by the giving sway of these supports. Over a large part of the 
coal-fields of the United States it has not yet become necessary to 
rank shafts. The quarrying is commenced at the outcrop of the 
coal-bed ; and, till the cover becomes of considerable thickness, it 
has been found economical to " strip" off the overlying rock, rather 
than to work a subterranean gallery. 

Brine-springs are often found in the coal measures of sufficient 
strength to be used in the manufacture of salt. This is now done 
to considerable extent in Ohio. In the valley of the Kenhawa 
river, Kentucky, the rocks of which belong to the carboniferous 
system, the brine is nearly saturated with salt ; and in some of the 
borings they have even discovered beds of rock-salt of great thick- 
ness and purity. 

There is no other part of the geological series so obviously con- 
nected with national prosperity as the coal formation. While a 
country is new, the forests furnish an abundant supply of fuel ; but 
in the course of a few years these are consumed. This country will 
soon be principally dependent upon its coal-mines for fuel, even for 
domestic purposes ; and, in carrying on the great branches of 
national industry, such as the smelting and working of iron, and 
in the formation of steam for the purposes of manufacture and 
transportation, we are already mainly dependent upon mineral 
coal. A nation which does not possess an abundant supply of this 
mineral, or which does not use it, cannot long maintain a high 
degree of national prosperity. 

In these inexhaustible masses of coal, accumulated ages before 
the existence of the human race, is a most obvious prospective 
arrangement for securing our happiness and improvement. And 
this arrangement embraces not only the accumulation of a com- 
bustible material in such abundance, but also its juxtaposition with 
an equally inexhaustible accumulation of iron ore, and the limestone 
which is necessary as a flux in the reduction of the ore. So bulky 
and heavy materials as coal and iron ore could neither of them 
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have been transported to any considerable distance for the manu- 
facture of iron ; and without the manufacture of iron on a large 
scale, the present operations in manufactures and transportation 
could never have been entered upon. A large proportion of the 
iron furnaces in this country, and nearly all of them in Great 
Britain, employ mineral coal for fuel, and obtain their ore from 
the beds contained in the coal measures. 

The fossils of the coal measures are almost entirely of vegetable 
origin, and are very abundant They are seldom found in the 
coal-beds, but in the strata of 
shale immediately above or 
below the solid coal. 



Fig. 19, 




The Stigmaria (Fig. 19) is found most abundantly, and in a 
large proportion of cases to the exclusion of every other form, in 
the lower shales. It consisted of a large dome-shaped mass, often 
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three or four feet in diameter, with trmiliog branches, or note, 
Bpresding off horizontally to a distance of twenty feet. In a 
few instances tree feme hare been found, petrified in a horizontal 
position, and being apparently a mere continuation of the stigmaria. 
Hence the stigmaria has been supposed to be the base of the tall 
tree ferns, the leaves of which so abound in the upper shales. If 
this is not the case, there are no forms of the existing flora of the 
earth analogous to the stigmaria. It is always found in connection 
with the coal-beds of the carboniferous formation, and never with 
the coal-beds which sometimes occur in the later formations. 

The tree ferns (Fig. 20) attained a height of fifty or sixty feet, 
and a diameter of four feet. They have received the name of 
Sigi&aria in consequence of the seal-like impressions (Fig. 21) 
Kg. 20. _ 

Kg. 11. 




with which the surface is covered, and which are the scars left 
where tne fronds have fallen off. These fronds (fern leaves) are 
the most abundant fossil of the series. They are distinguished by 
some peculiarity in form, as the Sphenopteris (wedge-shaped fern 
leaf), Fachypteris (thick fern leaf), && (Figs. 22 and 23.) 




There was another kind 
of Sigillaria (Fig. 24), in 
which the surface was fluted, 
and the markings are super- 
'ficiul, and oocnr on the 
ridges. It reached as great 
a size as the tree ferns, but 
to what general class of 
plants it belonged is still 
doubtful. 

Tlie Lepidodendrtm (scale-coTered tree) (Fig. 25) is the fossil 
which most nearly resembled in general appearance our present 
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forest trees. Specimens are found four feet in diameter and 
seventy feet in height. In botanical characters it resembled, in 
some respects, the trailing club-mosses, while in others it was very 
similar to the Norfolk Island pine. 

The Calamite (Fig. 26) was a plant resembling, in its jointed 

Fig. 26. 




and striated surface, the equiselum (rush), but was sometimes 
twelve inches in diameter. 

The carboniferous formation exists more or less abundantly in 
all the great divisions of the earth. It occurs in nearly all of the 
countries of Europe. The largest deposits known are, however, in 
the United States ; especially in the States of Pennsylvania and 
Virginia, and in Ohio. 

4. The New Red Sandstone. — The lower division of this form- 
ation, called the Permian system, consists of a thick mass of sand- 
stones, generally of a red color, with occasional alternations of 
argillaceous rock, succeeded by a series of magnesian limestones. 
The upper division, or Triassio system, is composed of a red con- 
glomerate, a limestone which has received the name of Muschel- 
kalk (shelly limestone), and a series of variegated marls and sand- 
stones. 

The ores of copper are found, to considerable extent, in this 
formation. The rich copper mines of Germany are in the mag- 
nesian limestone, or, as it is there called, Zechstein (minestone). 
The Lake Superior copper mines occur in a red sandstone forma- 
tion, which will probably be found to belong to this system. 

The salt-beds, salt springs, and beds of gypsum, are so gen- 
erally found in this rock in England, that it has been called by 
the English geologists the " saliferous system. 1 * It is, howover, 
found that in other countries these minerals occur in equal abun- 
dance in formations of an earlier and later date. 
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The fossils of this system are not abundant. In the Penman 
portion, impressions of fishes are found, always with the peculiarity 
that the tail is heterocercal (Fig. 27) ; that is, with the spine COO- 
Fig. vs. 




tinned into the upper lobe. The same peculiarity prevails in. the 
carboniferous and all the earlier formations. Fishes with the tail 
komocercal begin to appear in the Trjaasic portion of this system, 
and are found in all the subsequent formations. The remains of 
■aurians also occur in this formation. 

The red sandstones seem to have been better adapted to retain 
the forms which were impressed npon them than to preserve the 
organic remains which were deposited in them. Hence, while 

Tig. 28. 




they contain but few fossils, the strata are often covered with 
ripple marks, with sun cracks, occasioned by contraction while dry- 
ing, or with depressions produced by rain-drops, and the pits are 



roe&iLWBOus bocks. 49 

sometimes so perfect as to show, the direction of the wind when 
the drops fell. (Fig. 28.) The tracks of animals are also well 
preserved. Some of them were produced by reptiles (Fig. 29, 
c), and some probably by marsupial animal^ but most of fr flm 
by birds (a, b). President Hitchcock has distinguished the tracks 

Fig. 29. 





of more than thirty species in the sandstones of the Connecticut 
valley. Birds, reptiles and marsupial animals, seem to have been 
first introduced during this period. 

The new red sandstone is well developed in all its members on 
the continent of Europe. In England, all the members are pres- 
ent, except the Muschelkalk. The Triassic portion of it occurs in 
North America. It is found in detached portions, probably as 
parts of a continuous formation, in Nora Scotia, the eastern part 
of Maine, the Connecticut valley, and from New Jersey southward 
through' Pennsylvania, Maryland, &c., to South Carolina. 

V. The Oolitic System. — The lower portion of this system is 
the Laos, and consists of a series of fissile, argillaceous limestone, 
marl, and clays. The Oolite forms the intermediate member of the 
system, and consists of alternations of clay, arenaceous rock and 
limestone. Some of the limestones have an oolitic structure, and 
the whole system takes its name from this circumstance, though 
this structure is not found in all parts of it, and is often found in 
other formations. The central part of the oolite, the coral rag, is 
principally a mass of corals and comminuted shells. The Wealden^ 
the highest member of the oolitic system, is an estuary deposit, 
consisting of calcareous beds, followed by sandstone, and termi- 
nated by the Wealden clay. 

This system is throughout highly calcareous, and furnishes, 
wherever it is developed, valuable materials for architectural and 
ornamental purposes. 

This system is distinguished for the great amount and variety 

1 5 
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of its organic remains. The vegetable productions were inter- 
mediate between those of toe coal period and those of the present 
Fi K , ji. tin 6 - l' ue upper oolite, in the 

south of England, contains the 
stumps fif trees and other plants, 
rooted in a black carbonaceous 
£/■? lajer, evidently the soil from which 
fctn, they grew. These stumps and pros- 
V*^ trate trunks are the .remains of 
■t coniferous trees of large growth. 
(Fig. 30.) 

Fig. 3D. 




Corals occur in great abundance; 
also ener mites (Fig. 31), mollusks (Fig. 
32), and cephalopoda. 

But this system is specially charao- 

Fig. 32. 




terized by the remains of saurian 
reptiles. The Ichthyosaurus (Fig. 
a) was a marine animal, having the general form of a fish, 
while its head, and especially its teeth, resemble those of the croc- 
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odiie. It was an air-breathing animal like the cetaoea, and was 
famished with similar paddles. It was carnivorous, and was 
undoubtedly the largest and most formidable animal existing in 
the earlier part of the oolitic period. Its length could not have 
been less than thirty or forty feet. 

The Plesiosaurus (Fig. 33, b) was also a marine animal, and in 
many respects similar to the Ichthyosaurus ; but its general form 

Fig. 33. 

was. more slender, its head was small, and its neck was of great 
length, the cervical vertebrae exceeding in number those of the 
swan. 

The Pterodactyle (Pig. 34) was K M 

a small saurian, of the size, proba- 
bly, of our largest eagle. The 
finger-bones, which in the other 
saurians form the paddles, are in 
the Pterodactyle very much length- 
ened, so as to support a membran- 
ous expansion, like that of the bat. 
These wings were of sufficient size to enable it to sustain itself 
in the air, and to make a rapid and easy flight. 

The Iguanodon is a Wealden fossil, remarkable for its great 
magnitude. It is estimated that its length was seventy feet. It 
was a lizard, adapted for motion on land, and was herbivorous. 

This formation is well developed in England, and, with the 
exception of the Wealden, on the continent of Europe. It has been 
supposed that no part of the oolitic series was to be found in this 
country; but there is a highly arenaceous rock occupying the 
valley of the James river, in the vicinity of Richmond, Virginia, 
of considerable extent, and a thousand feet in thickness, containing 
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ft bed of ooal of forty feet in thickness, which, from its fossils, must 
be referred to the oolitic series. 

6. The Cretaceous Formation. — The lower part of this forma- 
tion consists of greensand, interstratuied with beds of clay. The 
intermediate portion is a mixture of argillaceous green-sand and 
impure chalk. The upper part is composed of chalk, which is a 
friable, nearly pure carbonate of lime. The strata of chalk are 
separated, at intervals of from three to six feet, by layers of flint, 
either in the form of nodules or of continuous strata. 

These characters, by which the cretaceous system is known in 
England, are but partially recognized elsewhere. Thus, in the 
Alps, the " Neocomian System," consisting of crystalline limestones, 
is the equivalent of the English greensand ; while the greensand 
of this country is the equivalent of the white chalk of England. 

The fossils of the cretaceous formation are very different from 
those of the oolite, and are such as to show that it was deposited 
in deep seas. Microscopic shells are often so abundant as to con- 
stitute a large proportion of the mass. Zoophytes are very 

- Fig. 35. 







numerous, such as sponges, corals, star-fishes (Fig. 35, d e)> and 
a few crinoidea (b). Mollusks were also abundant, and cephalo- 

Fig. 36. poda, consisting of cham- 

ber-shells and belemnites 
(Fig. 36). The belemnite 
probably resembled the ex- 
isting cuttle-fish; but the 
remains consist, in most 
cases, of a partially hollow calcareous substance (i), which was con- 
tained within the animal, and formed its skeleton. 

The chalk and greensand are largely developed in England ; 
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and the same formation, with different lithologtcal characters, is 
found in great force flanking the principal mountain ranges of 
southern Europe, and extending into Asia. In this country the 
system commences with the greensand and friable limestones of 
New Jersey, and following the Alleghany range to its southern 
termination, it bends around into a north-western direction, and k 
continued into Missouri. 

7. The Tertiary System. — The tertiary strata embrace the 
formations from the cretaceous to the human era. They consist 
of clay, sand, sandstone, marl and limestone, and are distinguished 
from the lower rocks by being less consolidated ; though the lime- 
stones are in some instances solidified, and resemble the strata of 
earlier origin. The tertiary strata are generally of less thickness 
than the older formations, and less continuous, being local deposits 
formed in lakes and estuaries. In a few instances they have 
been thrown into inclined positions, though in most cases they 
nave been but slightly disturbed, and raised but a few hundred 
feet above the present level of the sea. 

The late tertiary strata seldom overlap the older, so as to indi- 
cate their relative ages by superposition. They have therefore been 
separated into groups according to the proportions of living and 
extinct species of shells which they are found to contain. The 
oldest tertiary or Eocene formation* contains only four per cent, 
of living species, the Miocene contains seventeen per cent, the 
Pleiocene forty per cent., and the Pleistocene ninety per cent. 

During the pleistocene period, peculiar conditions existed, by 
which a great amount of loose material, known by the name of 
drift, was spread over the northern portions of both hemispheres. 
In America it is found from Nova Scotia nearly to the Becky 
Mountains, and extending as far south as Pennsylvania and the 
Ohio river. In Europe, it is found from the Atlantic to the Ural 

* Eos, dawn, and kainos, recent. The formation which commenced at th* 
dawn of the recent period, containing bat a small number of living species. 
Miocene {moon, less), less recent than the Pleiocene (plaon, more). 
Pleistocene (pleistos, most), most recent. 

5* 
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Mountains, and reaching south into Germany and Poland. It is 
also found in the colder portions of South America, and in the 
vicinity of several mountains, as the Alps. 

It consists of irregular accumulations of earthy substances 
of different degrees of fineness, but characterized by containing 
masses of rock of considerable size, often of many tons weight, 
called boulders. Bocks having the same lithological characters 
exist in situ north of where the boulders and other drift are now 
found, though at a distance often of one or two hundred miles. 
There can be no doubt but that the drift has been transported from 
these northern localities; and the polished, striated and grooved 
condition of the rocky surface, wherever the drift is distributed, 
has obviously been produced by the passage of the drift materials 
over it. 

Towards the close of this period, while the land was a few hun- 
dred feet below its present level, there were deposited in the val- 
leys of the drift region beds of blue and gray clay, materials 
which are used in making bricks and coarse pottery ; also beds of 
sand, sometimes evenly spread out, but often thrown into irregular 
mounds and ridges. 

In regions which are not covered with drift, — as the south of 
Europe and the United States, — the pleistocene deposits are 
succeeded, without apparent change of conditions, by those which 
are now taking place. 

The formations of the tertiary period are distinguished from 
those of the cretaceous period by the absence of deep-sea fossils, 
and from the oolite by the absence of its characteristic saurians. 
The mollusks are also very different, such genera as the cere- 
thium (Fig. 37), mures (Fig. 38), and conus (Fig. 39), which 
abound in the present seas, first appearing in the tertiary period. 
The nummulite (Fig. 40), a peculiar form of chambered shell, is 
so abundant as to constitute in some places almost the entire rock. 

The period is however characterized by the existence of a large 
number of pachydermatous animals, of which the tapir, hog, horse 
and elephant, are examples of living species. 
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The i'aleothervmi (Fig. 41) resembled, in n 
tapir. It was furnished with a short proboscis, and the foot was 




divided into three toes. The length of the largest species wu 
about that of the horse; bat its body was larger, and it was of less 
height, 

Kg.il. 

Hg. a. 




The Anophttherivm (Fig. 42) was a more slender animal, and 
resembled in size and general fond the gazelle. 

The Megatherium, an animal of the late tertiary epoch, was 
larger than the existing species of elephant, and in its general 
structure and habits resembled the sloth. 

Hie Mastodon (Fig. 43) lived daring the latest portion of the 
tertiary epoch. Its remains are found moat abundantly where the 
animal, seems to have perished by ri ngin g into the soft marshy 
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ground near the brackish springs of New York and Kentucky. 
Bat they are found also in Europe and Ask. It was larger 




than any existing land animal, and was nearly allied in strao- 
tore and habits to the elephant. 

The Mammoth was a species of elephant, now extinct, of which 
remains are found with those of the mastodon, but in the greatest 
abundance in Europe and Asia. A large number of skeletons, 
many of them imperfect, have been discovered in the low grounds 
in the south-east of England. It was this animal which was 
found encased in ice and sand in Siberia, in 1804. 

Contemporaneously with the existence of these huge animals, a 
near approach was made to the present fauna of the earth, by the 
introduction of ruminant animals resembling the ox and deer, and 
especially by the existence of the class of animals which in ana- 
tomical characters stands next to man, the apes and monkeys. 

The tertiary system, though not generally so continuous over 
extended areas as the older formations, yet constitutes the surface 
of a very large part of Europe. (See Fig. 59.) In the United 
States the earlier portion is found along the seaboard, from New 
Jersey to Louisiana, and extending back towards the mountains to 
■ distance varying from ten to one hundred miles. The later 
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deposits are found in detached portions throughout the Eastern and 
Middle States. It covers a large surface in South America, and 
is found in India. 

8. The Recent Formation. — It is intended to embrace in this 
term strata which have been formed since the creation of man. 
It is, however, impossible to separate them by any well-defined 
characters from those of the tertiary period. The recent formation 
consists of land which is forming by the filling up of lakes, and by 
the increase of deltas from the accumulated sediment which rivers 
have furnished. 

There is, however, no doubt but that formations on a large 
scale have continued in progress over extensive areas of the bed 
of the sea ; and they have been no less rapid, we may presume, 
than they were in earlier periods. But, though they are preserv- 
ing the records of the present era, they will probably remain in a 
great measure inaccessible for many ages. 

These deposits, so far as they are accessible, are found to con- 
tain the remains of plants and animals (including man) now living 
in the vicinity where the deposits are forming. 



SECTION VI. — FOSSILS. 

Any organic substance imbedded in a geological formation, or 
any product of organic life, as a coprolite or a coin, or any mark- 
ing which an organic substance has given to a rock, is regarded as 
a fossil. The study of fossils, as a branch of practical geology, 
requires an acquaintance with the principles and the minute 
details of botany and zoology. Without this knowledge, however, 
many of the general conclusions to which the study of fossils has 
led may be understood. 

1. Fossils are preserved in different ways. — When any 
organic substance is imbedded in a forming rock, it may itself 
remain ; or it may be removed by the infiltration of water, or other 
causes, so gradually as to leave its form, and even its most delicate 
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markings, in the rock ; or some mineral substance may have been 
substituted, and fill the space which the organic substance once 
occupied ; that is, it may be an organic substance preserved, it 
may be an impression of it, or it may be a cast of it. 

2. The process by which the substitution in this last -case is 
effected is called mineralization. The mineralizing ingredient is 
generally derived from the contiguous rock. In siliceous rocks it 
is silex. In calcareous rocks it is carbonate of lime. When iron 
is diffused through a rock, it often becomes the mineralizer. The 
substituted mineral is generally a very perfect representation of the 
original fossil. We cannot therefore suppose that the original 
substance was entirely removed before any of the mineral matter 
was deposited. The substitution must have taken place particle by 
particle, as the organic matter was removed. Fossils are, in fact, 
often found, in which the mineralization has been arrested after it 
had commenced, so that the fossil is in part an organic and in part 
a mineral substance. It has been proved, by direct experiment, 
that these changes of removal and substitution are simultaneous. 
Pieces of wood were placed in a solution of sulphate of iron. 
After a few days, the wood was found to be partially mineralized, 
and after the remaining ligneous matter had been removed by 
exposing it to a red heat, " oxide of iron was found to have taken 
the form of the wood so exactly, that even the dotted vessels, 
peculiar to the species employed, were distinctly visible under the 
microscope." 

3. As the fossiliferous strata are generally of marine origin, it is 
to be presumed that only a small proportion of terrestrial animals 
are preserved ; and our knowledge of the organic remains which 
are preserved is yet so imperfect, that discoveries are constantly 
making, as examinations are extended. Still, enough is known to 
enable us to draw some satisfactory conclusions as to the order in 
which living beings were created upon the earth. 

Though most of the earlier organic forms which have been pre- 
served are of animal origin, yet vegetable remains occasionally 
occur in connection with them, and we must suppose vegetables to 
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have been produced abundantly. For all animal food consists of 
vegetable substances, or of animal substances which have once 
existed in the vegetable form. No animal is capable of effecting 
those combinations of inorganic matter upon which its growth and 
sustenance depend. We may therefore conclude that the intro- 
duction of animals and vegetables teas contemporaneous. 

The greatest development of vegetable life was, however, during 
the carboniferous period. The design of this abundant growth was 
prospective. It was not produced for the support of animal life, 
but for fuel, and stored till man should be introduced, and so far 
advanced in civilization as to make this supply of carbonaceous 
matter subservient to his wants and happiness. 

In the earlier periods, the lower forms of animal life were, 
beyond all comparison, the most abundant ; yet the four great 
divisions of the animal kingdom, Radiated, Articulated, Mollus- 
cous, and Vertebrated animals, were all represented. There is, 
however, no evidence that any vertebrated animals, except fishes, 
were created till after the carboniferous period. In the next 
formation, the new red sandstone, we find the tracks of reptiles 
and birds, and probably of marsupial animals. The first evidence 
of the existence of mammalia in great numbers is in the tertiary 
period, when the pachydermata and edentata were so much more 
abundant than they have ever been since, and when the bimana 
first appear. 

But there is no evidence from geology that man existed till 
after the close of the tertiary period. The grounds upon which 
contrary statements have sometimes been made are untenable. In 
Ohio a very perfect impression of a human foot was found on a 
slab of limestone of the silurian age. But it was subsequently 
ascertained to have been common for the aborigines, in the vicinity 
of their encampments, to cut in the rocks, with surprising accu- 
racy, the forms of the tracks of man and other animals. 

There is a human skeleton in the British Museum imbedded in 
solid limestone, and another in Paris, both taken from Guadaloupe. 
It was at one time supposed, from the degree of solidification of 
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the limestone, that it most have been formed at an early geological 
period ; but it is found that the beach-sand of that island now 
solidifies rapidly, from the carbonate of lime which the waters there 
hold in solution. It is rendered probable that the skeletons found 
there have not been buried more than a century and a half. 

4. As many parts of the bed of the present seas, which are 
probably receiving detrital matter constantly, are unfavorable for 
the development of animal life, while other parts are highly 
favorable, it might be presumed that animal life would be equally 
scanty in particular localities while the earlier rocks were form- 
ing, and in other localities very abundant. Hence some strata, for 
hundreds of feet in thickness, are composed almost entirely of fos- 
sils, while other strata are nearly or quite destitute of them. The 
same member of a formation may in one place be full of fossils, 
and in another without them. The distribution of fossils is 
therefore subject to no general law ; at least, none of which we can 
avail ourselves, in the search for them. 

5. The value of fossils in geology consists in the use which is 
made of them in determining the origin and age of strata. 

v As the animal species which inhabit bodies of fresh water are 
always different from those found in the sea, their remains consti- 
tute the best means of determining whether a formation is of fresh 
water or marine origin. In order to decide this point, it may, in 
some cases, be necessary to be acquainted with the habits of par- 
ticular species. In most cases, however, it will be sufficient to 
remember that in fresh-water formations, first, there are no 
Fie. 44. sponges, corals, or chambered shells ; second, 

the univalves all have entire mouths (Fig. 
44). Third, the bivalves are all bimuscular 
(Fig. 47). If, therefore, a formation is found 
to contain sponge, coral, a chambered shell, 
a univalve with a deeply notched mouth (Fig. 
45), or a unimuscular bivalve (Fig. 46), it 
must be considered a marine formation. 

We have seen that the same formation, as 
exhibited in different places, differs in its 
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thickness, composition and degree of solidification. If we could 
trace the strata through all the intermediate space, we might be 



Fig. 45. 



Rg. 46. 



Fig. 47. 




certain of their being the same formation, notwithstanding the 
change in lithological characters. But this can seldom be done, 
even for a few miles in extent. Sections of the strata are obtained 
only occasionally, where rivers have cut through them, or where, 
over limited areas, the soil has been removed from the outcropping 
edges. It is also frequently the case that the strata are so much 
disturbed that their position will furnish no aid in determining their 
age. When folded axes occur (as here represented), the older strata 

are often the up- 
permost. There 
is an instance in 
the Alps in which 
strata of vast 
thickness have 
been inverted du- 
ring the process 
of upheaval, and 
now rest on a 
bed of rock formed from the debria which they had supplied. 

6 
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And yet it is important to determine what formations are of the 
same age, notwithstanding their displacements, difference in litho- 
logical characters, and separation by great distances and by moon- 
tains or oceans. This determination can be made only by a com- 
parison of the imbedded fossils. It is found that every formation, 
and every important member of a formation, contains an assem- 
blage of fossils peculiar to itself. When very widely separated, 
the species of fossils may not be identical, but so very similar that 
they are regarded as equivalent species. The identification of 
formations consists in the identification of fossils. It is for this 
purpose mainly that fossils are regarded as of so great importance. 

6. If each formation is characterized by the presence of new 
species, it follows that the work of creation was a progressive one, 
continued through long periods of time. The latest creation of which 
we have any geological evidence is that of man. And if the lead- 
ing design of the existence of this earth was as a theatre for the 
development of moral character, it is to be presumed that the work 
of creation ceased when a species possessing moral capacities had 
been introduced. 

It follows also, from what has been said, that there has been a 
constant disappearance, a death, of species. It would seem that 
each species has a life assigned to it, which is to be completed and 
surrendered. Though its continuance is many times longer than 
the life of any individual of the species, yet it is the course of 
nature that species should disappear. 

There may be something in the constitution of each species by 
which its continuance is limited, making an old age and death 
necessary, as it is in individuals. But there are other causes by which 
the duration of species may often be terminated. The subsidence 
of New Holland would cause the destruction of a large number of 
species. The preservation of the human species was at one time 
effected only by a special and miraculous interference. Slowly oper- 
ating causes are now at work, by which many species, such as the 
elephant, wolf and tiger, will at length become extinct. Thoir 
existence in a natural state cannot long be continued in a civilized 
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country. The forest, their natural abode, disappears, and some 
are intentionally destroyed, because they render life and property 
unsafe. Under the operation of these causes, the Irish elk (cervus 
giganteus) has become extinct, probably within the human era. 
The Dodo, a gallinaceous bird, found living when maritime com- 
munication between Europe and the East Indies was first estab- 
lished, is now extinct. The Apteryx, a bird belonging to New 
Zealand, has probably become extinct since the commencement of 
the present century. 



SECTION YII. THE TIME NECESSARY FOB THE FORMATION OF THE 

STRATIFIED ROCKS. 

There are no means of which the geologist can avail himself to 
determine the antiquity of the earth, or the amount of time since 
the sedimentary deposits commenced. But a high degree of 
antiquity may yet be shown. 

The materials for all the stratified rocks hare been obtained 
by the destruction of previously solidified igneous rocks. This 
destruction may have been accomplished in part by the operation 
of volcanic forces, but much of it is the result of slow disintegra- 
tion, and of the eroding power of running water ; and we can 
scarcely conceive of a period sufficiently protracted for such 
results. 

This conclusion of the high antiquity of the earth is confirmed 
by observing that the stratified rocks consist of layers often not 
thicker than sheets of paper, and probably not averaging the tenth 
of an inch ; and yet each layer is separate from the rest, in conse- 
quence of some change in the conditions under which it was depos- 
ited. Each layer was probably produced by the deposition of all 
the sediment furnished at one time, and hence only as many layers 
would be formed in a year as the number of freshets in the rivers 
which furnished the materials. If we consider the fossiliferous and 
metamorphic rocks to be each forty thousand feet in thickness, — 
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which is not too large an estimate, — we most reckon the years by 
hundreds of thousands to make the time nffiaently extended for 
the result. 

All the formatioiw of any considerable extent now above the 
surface of the sea existed before the creation of man, for none 
of them contain any evidence of the existence of human beings ; 
and if they had existed while these strata were forming, sufficient 
evidence would have been left of the met, either in the form of 
fossQiaed human bones, or of works of human art. Hence, what- 
ever be the estimate which we form of the antiquity of the earth, 
from the slowness of denudation, or from the thickness of the 
strata, we must now add to that estimate the period elapsed since 
the creation of the human species. 

We have seen that at different periods of the earth's history dif- 
ferent species of animals inhabited it We are unable to fix with 
accuracy the ordinary duration of species. But the species which 
are now extinct probably had an existence as long-continued as 
will be enjoyed by species now living. Many recent species are 
known to have existed at least nearly six thousand years, without, 
in most cases, any indications of their soon becoming extinct. 
Whatever period be assigned as the ordinary duration of species, 
that period has been several times repeated ; for the earth has been 
several times re-peopled, and every time by species which had not 
before existed. 

Moreover, the amount of organic matter in the strata must 
have required long periods of time for its accumulation. The 
vegetable deposits, now converted into coal, are generally several 
feet thick, and often over a hundred feet, and are known to extend 
over several thousand square miles, both in this country and in 
Europe. Many of the sedimentary rocks consist almost entirely 
of animal remains. The mountain limestone, for instance, is eight 
hundred feet or more in thickness, and in some places consists of 
the exuviae of encrinites and testacea. 

In other cases the length of time required is shown, not from 
the amount of organic remains, but from the evidence that they were 
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very slowly. The polishing stone called iripoli is found 
in beds of ten or twelve feet in thickness, and is composed entirely 
of the siliceous shells of animalcules, so minute that, according to 
the estimate of Ehrenberg, the number in a cubic inch is forty-one 
billions. Several other rocks, such as semi-opal and flint, are some- 
times round to have a similar constitution. The time necessary 
for the accumulation of beds several feet thick by the shells of 
animalcules so minute must have been very great. 

Each of these facts carries us back to a period immeasurably 
anterior to the creation of man, as the epoch when the sedimentary 
deposits commenced. There are no facts in geology which point 
to a different conclusion. It is of the utmost importance to the 
geological student to familiarize himself with this principle. It will 
assist him in comprehending the greatness of geological changes, 
and in applying other principles in explanation of geological 
phenomena. 

This principle, so obvious to any one who allows himself to 
reason from the facte which geology presents, has sometimes been 
regarded as at variance with the Mosaic account of the creation. 
And if this account really assigns an antiquity to the earth of not 
more than six thousand years, the difficulty exists. 

The statements made by Moses are found, upon examination, to 
be of the most general character. They assert, in the first place, sim- 
ply that " In the beginning God created the heaven and the earth." 
The time which elapsed after this first act, and previously to the 
acts of creation subsequently recorded, is not limited by the sacred 
narrative. It may have been .during this indefinite lapse of time 
that God gave existence and enjoyment to a large number of ani- 
mal species on the surface of the earth, and at the same time 
effected most of those physical changes in the crust of it which 
have rendered it a fit abode for intellectual and moral beings. 

But if the word day, in the first chapter of Genesis, be consid- 
ered to mean a prolonged period (and philologists regard such an 
interpretation as admissible), then that chapter is a record of the 
most important events in the history of the earth up to and includ- 

6* 
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ing the introduction of man. And the account, thus understood, 
coincides with the results of geological examinations. 

Instead, then, of discrepancy between the works and the word of 
God, we have this remarkable met, that a history of the earth, 
written long before the science of geology was known, is not con- 
tradicted, but confirmed, by the progress of science thus far. 



CHAPTER III. 

OF THE CHANGES TO WHICH THE CRUST OF THE EARTH 

HAS BEEN SUBJECTED. 

SECTION I. CHANGES WHICH HATS TAKEN PLACE AT GREAT DEPTHS 

BELOW THE SURFACE. 

The lowest change of which we can gain any information 
is the formation of granite. It will be shown hereafter that 
it has been in a melted state, and that it has taken its present 
form on cooling. Bnt whether any considerable portions of the 
granitic masses, or of the melted masses now below the surface, 
have resulted from the fusion of stratified rocks, we have not 
the means of determining. It is, however, not improbable, that 
in the changes of level to * which the crust of the earth has 
been subjected, the, stratified rocks may have gone down so far 
as to become melted. At the same time, the melted rock which 
is thrown to the surface by volcanoes is subjected to the various 
destroying agencies by which it becomes sedimentary matter, to be 
deposited as mechanical strata. Thus, as the igneous rocks from 
below are brought up to furnish materials for mechanical strata, 
there must be an equal amount of depression of the mechanical 
strata towards the seats of igneous action. And if this change 
takes place more rapidly than the thickness of crust increases, 
then portions of the sedimentary rocks must be undergoing fusion. 

Next above the granite an immense thickness of rock occurs, 
which exhibits, from its stratification and from the water-worn frag- 
ments which it contains, distinct evidence of its mechanical origin. 
And yet it is very different from the later mechanical forma- 
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tions. It is more highly crystalline ; it has, to a great extent, 
assumed a cleavage distinct from the planes of stratification, and 
chemical affinity has been so far active as to produce new combina- 
tions, and give to them their peculiar crystalline form, as in the 
case of garnets, iron pyrites, &c These strata also differ from 
those above them in containing no organic remains. It is not 
certain that organic life existed on the earth at the time when 
these rocks were deposited. Either it did not, or the evidence of 
it in the strata of that period has been obliterated. The changes 
have at least been sufficient to justify their being characterized as 
metamorphic rocks. 



SECTION H. — CHANGES IN THE MASS OF THE STRATIFIED ROCKS. 

1. The stratified rocks were deposited as mud or sand, and 
were at first in a yielding state. Most of these deposits have 
become solidified rock, such as limestone, clay slate and sand* 
stone. The chalk of England is, however, but imperfectly consol- 
idated, the great sandstone formation of New Holland is a friable 
mass easily disintegrated, and occasionally beds of clay in a plastic 
state are found as far down as the coal. Among the later rocks 
the solidification is less general, though there is some degree of 
hardening in all except the most superficial layers. The fissile 
structure results from the solidification of the^ particles composing 
each layer separately. 

2. Since the solidification of the strata, or perhaps in connection 
with it, there has been something of movement among the parti- 
cles, resulting in mineral veins, conchoidal structure, &c. One 
of the most general changes of this kind is that by which a mass 
becomes separable into thin sheets, independent of the stratifica- 
tion, and not parallel with it. This structure is represented by 
Fig. 48, in which the heavier lines are those of stratification, and 
the lighter of cleavage. 

3. The strata have been everywhere more or less broken, and 
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(he fractures, nearly vertical, extend to great depths. When t> 
fracture reaches the surface, it often becomes a channel for water . 



It is thus widened by the erosion, the deepest parts become filled 
with debris, and it becomes a gorge, ravine or valley. 

If the fracture does not come to the surface, it becomes a 
cavern. In limestone, caverns which are formed in this way are 
very frequent, and extend for many miles. There is generally a 
stream of water running through them, but not of sufficient volume 
to have produced the erosion which has been effected. 

When the sides of the fracture are but little separated, some 
mineral often separates itself from the adjacent rock, and filling up 
the space, reunites the broken parte. It is then called a vein of 
segregation (fig. 49, a b). But the fracture is more frequently 




filled with some volcanic rook injected from below. It is then a 
dike (c d), and may have a width of many rods, though it often 
diminishes in width till it is a mere thread. A dike of which tho 
injected material is a metallic ore is a mineral vein. 

4. The uplifting force by which the fracture is produced has 
frequently raised the rock on one side higher than it has on the 
other. This is called a fault. (Fig. 50.) The unequal move- 
ments by which the fault is produced seem in some instances to 
have been repeated several times, and the grinding of the broken 
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edges upon each other has polished and striated the sides of the 
fracture. 




Tig. 51. 



b. Sedimentary rooks are often found with the planes of their 
strata more or less inclined. It is evident that they were not 
thus formed. The depositions of sediment from water will always 
be horizontal, or, at most, only slightly inclined. But there is 
often evidence in the rock itself that 
its strata were once horizontal. It 
is frequently observed that vertical 
strata contain pebbles with their 
longer axes in the plane of the strata. 
(Fig. 51.) When these pebbles were 
_ deposited, the longer axes would take, 
on an obvious mechanical principle, 
a horizontal position. Their present vertical position must have 
resulted from a change in the position of the strata in which they 





are enclosed. The same thing is shown by the position of a petri- 
fied forest in the south of England, known as the Portland dirt- 
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bed. Some parts of it are inclined at an angle of fxtj-Jm 
degrees. The position of the vegetable remains (Fig. 52) show* 
that when they were growing the surface was horaootal. 

The line b d (Fig. 53), on inclined strata which makes with the 
horizon the greatest angle, is called the direction of the dip. Hie 
angle thus formed (a b d) is the angle of intimation. When 
inclined strata come to the surface, the exposed edge, b c, is the 
outcrop, and the line of outcrop on a horaootal surface b called 
the strike of the strata. 

Fig. 53. 

b 




When the inclined position is produced by an uplift of the 
strata, along a given line, so that they dip in opposite directions, 
this line is called an anticlinal axis, as at Fig. 54. If, however, 

Rg. 54. 




the strata are fractured along this line, as at b, the fracture 
becomes a valley of elevation. 
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If depression take place along a given line, as at c, the strata 
will dip towards this line, and it will be a synclinal axis. The 
depression will be a valley of subsidence. A synclinal axis 
would also be produced by an elevation of the strata, as at. d and e, 
on each aide of it, and the valley thus produced is one of elevation. 

When successive sets of strata, as / and d, Fig. 53, are not 
parallel, they are said to be unconformable. 

6. When the strata are subjected to displacement, they do not 
always take a merely inclined position, but are often contorted 
(Fig. 55), or folded together (Fig. 56). These folded axes fre- 
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quontly succeed each other for many miles. 

Fig. 56. 



Ftgs. 7 and 




2.) In the case represented by Fig. 56, if toe highest portion 
as been removed, so that the line a b represents the actual sur- 



% CHANGES OF ELEVATION AND SUBSIDENCE. 78 

face, we shall have apparently a succession of deposits, of which 
those at b would be the newest, and the oldest would be found at 
a, when in fact the strata at the extremities are parts of the same 
layer. 

It is probable that disturbances like those now mentioned have 
been taking place continually, in different places, from the earliest 
times. There have been no periods of universal disturbance, and 
none of universal repose. On the contrary, the periods of disturb- 
ance in one part of the world have been periods of repose in 
another. For example, the coal measures of Europe were much 
broken and disturbed before the deposition of the new red sand- 
stone, and the close of the coal period was at one time supposed to 
have been a period of general convulsion. It is now ascertained 
that the principal coal-fields in this country were not much dis- 
turbed at that period, and have not been since. 



SECTION in. — CHANGES OF ELEVATION AND SUBSIDENCE. 

The continents, if we except the more rugged and broken 
portions, rise from the sea with an almost imperceptible ascent; 
and even the mountains have a much gentler slope than we are 
apt to suppose, so that a section of the earth parallel to the equa- 
tor would be almost a perfect circle. The slope of a mountain, 
from its base to its highest point, rarely forms with the horizon an 
angle of as much as twelve degrees. In the following figure (57), 
A represents the peak of Chimborazo, B of Teneriffe, G of JEtna, 
and D of Mount Loa, the principal volcano of the Sandwich 
Islands. The highest mountains would be represented on a twelvo- 
inch globe by an altitude of less than the one-hundredth of an 
inch above the level of the sea. But the rising and sinking of 
these masses, though so small compared with the dimensions of the 
earth, are yet geological changes on the largest scale. 

1. The Elevation of Mountains. — * Mountains have formerly 

7 
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been covered with the waters of the ocean. This is evident, in the 
ease of some mountains, from the existence of stratified rocks 

Kg. 67. 







reaching to the summits. The stratification could have been pro- 
duced only by deposition from water. It is, moreover, evident 
from the existence of marine fossils, distributed through these 
strata, so abundantly, that they cannot be accounted for on any 
other hypothesis than that the animals lived and died where the 
remains of them are now found. These strata must therefore have 
formed the bed of the sea while the fossils were accumulating. 

There is no direct evidence that the granitic mountain peaks 
were ever submerged. But there is reason for believing that 
the sedimentary strata which now occupy the lower slopes were, at 
the time of their deposition, continuous, — the igneous rock having 
subsequently broken through them, — so that the waters of the ocean 
once rested on the whole area which the mountain now occupies. 

If the ocean could ever have been above its present level suffi- 
ciently to have covered all the sedimentary rocks, we might 
assume that the height of mountains has not been changed. But 
the level of the ocean cannot be subject to much variation. The 
total amount of water on the globe is always the same. If the 
continents and mountains were all submerged at once, and the 
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waters were expanded by the highest temperature consistent with 
the liquid form, there would not be a change of level of more than 
two hundred and fifty feet. We may assume, then, that the ocean 
level has always been essentially the same that it now is. We 
must therefore conclude that the sedimentary rocks, and the moun- 
tains of which they form a part, have been elevated to their 
present position from the bed of the sea. 

Different mountain ranges have been elevated at different 
periods. The silurian and carboniferous formations were depos- 
ited before the Alleghany Mountains, which they contributed to 
form, were elevated.; while the new red sandstone and the creta- 
ceous and tertiary formations were deposited subsequently to the 
upheaval. They are accordingly found at the base of the range, 
nearly horizontal, and have risen above the level of the ocean only 
as the continent generally has risen. The Pyrenees were elevated 
after the deposition of the cretaceous rocks, and have carried them 
up so that they appear at a high angle, while the tertiary rocks 
at the base are horizontal, as in the United States. The Andes 
have carried up the tertiary rocks with them, and their elevation 
must therefore belong to a recent period. It appears that they 
are even yet rising. 

It has recently been shown that the Alps have been subjected 
to upheaval at several distinct periods. At the close of the silu- 
rian period they formed a cluster of islands. At the commence- 
ment of the tertiary period they became a mountain range, and 
at the close of that period they were thrown up some two thousand 
feet higher, to their present position. Nearly the same things will 
probably be found true of other mountain ranges, when their struc- 
ture has been minutely studied. 

The elevation of contiguous parallel ridges will necessarily leave 
intervening valleys of devotion. As mountain ranges generally 
consist of several such ridges, valleys of this description are 
numerous, and they are often of great extent. , 

It is obvious that there are mountains in the sea of as great 
height above the lowest valleys as the mountains of continents are 
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above the level of the sea. If a new continent should hereafter 
be formed by the elevation of a large area of the bed of the sea, 
the exiting mountains, now appearing in the form of islands, 
would partake of the general movement, and the new continent 
would have the same general diversities of surface as existing con- 
tinents. The mountains would have existed long before the con- 
tinent. It is therefore to be supposed that the mountains of the 
present continents were elevated before the continents, and that 
they stood for long periods as islands, exposed to the action of 
waves, tides, and marine currents. 

2. The Elevation of Continents. — Continents have been elevated 
by so slow a movement that it has not generally been perceived, even 
when they have been peopled by nations advanced in civilization. 
And yet satisfactory evidence is always left of former sea-levels. 

Almost every seaboard furnishes examples of beaches, evidently 
once washed by the sea, but now elevated more or less above high 
water. 

At Lubec, near the northern extremity of the coast of Maine, 
barnacles* are found attached to the rocks eighteen feet above high 
water. The pilots at that place, and for a hundred milefe north 
and south of it, speak of the ship-channels as diminishing in depth, 
though it is certain that they are not filling up. Such facts are 
to be explained only by supposing that the coast is rising. 

Lakes are numerous throughout the northern portions of North 
America, which are receiving annually large quantities of sedi- 
ment, and must ultimately become alluvial plains. Those of mod- 
erate depth, as Lake Erie, cannot require periods very protracted 
to fill them. Their continuance in such abundance indicates that 
the elevation of the continent to its present height is compara- 
tively recent. This conclusion is confirmed by evidence of another 
kind. Throughout this region of lakes, beds of clay containing 
the remains of existing species of marine animals, are found at all 
elevations from the sea-coast, to the height of about four hundred 
feet, but not higher. These clay beds are very recent, and were 



* The barnacle is a marine animal, permanently fixed to the rooks, and can 
live bat a short time without being surrounded by sea-water. 
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deposited when the surface was four hundred or five hundred feet 
lower than it now is ; and this amount of elevation has left the. 
eilating lakes scattered over the surface.* 
The following (fig. 58) exhibits Europe aa it was during the 




aluriaa epoch, and Fig. ■■.' as it was at the commencement of 
the tertiary epoch. The land, as it then existed, is represented by 
the white surface, the present waters by the dark shading, and the 
land which has been reclaimed from the ocean by elevation since 

those periods by the lighter shading. 

• " It ii remarkable that en the shore 
plants the proper station of wliioh is the 
as if they had constituted pact of the earl; flora of those regions when the 
lake* ware filled with salt water, and hare survived the change that has taken 
place in the physical conditions of their soil." — 7W.ji*. Flora of ihc Sutc o/ 
JVno York. 

1* 
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The whole southern part of South America, embracing an area 
equal to that of Europe, has been elevated within a very recent 
period; and some parts of it, if not all of it, are still riaing. The 




shells found' on the plains from Brazil to Terra del Fnego, and on 
the Pacifio coast, at a height of from one hundred to thirteen hun- 
dred feet, are identical with those now inhabiting the adjacent seas. 
And " besides the organic remains, there are, in very many parts, 
marks of erosion, caves, ancient beaches, sand-dunes, and successive 
terraces of gravel," all which must have resulted from the action 
of the waves at a period not remote. At Lima, articles of human 
skill peculiar to the original inhabitants of Peru were found im- 
bedded In a mass of sea-shells eighty-three feet above the present 
sea level. The elevation on the Pacific coast has been in part by 
sudden uplifts of a few feet at a time; hut it is found, from time 
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to time, that there has been a change of level, amounting to a foot 
or more in a year, when there have been none of these sodden 
movements. 

A considerable portion of Europe, reaching from North Gape in 
Norway to near the southern part of Sweden, more than a thou- 
sand miles, and from the Atlantic to St. Petersburg, more than 
six hundred miles, has been rising at the rate of about three feet 
in a century, for at least two centuries, and probably much longer. 
This change is proved by the occurrence, at considerable elevations 
above the sea, of shells now found in the Baltic ; by rocks once 
sunken, now raised above the surface of the sea, and by ancient 
seaports having become inland towns. To determine the truth by 
actual measurement, the Royal Academy of Stockholm, about 
thirty-five years since, caused marks to be cut in the rocks along 
the coast, to indicate the ordinary level of the water. This is 
easily ascertained, as the Baltic is nearly a tideless sea. The pres- 
ent level of the sea, compared with that indicated by the marks 
before mentioned, leaves no doubt that the country is rising. 

3. The Subsidence of Land. — Elevations can be shown to 
have taken place by fossils, and by other evidences of former sea 
levels which are left on the surface ; but depressions leave but few 
indications of change of level. It is yet doubtful whether the 
depression is equal to the elevation ; that is, whether the amount 
of land remains nearly constant, or whether there has been an 
augmentation of the dry land within the tertiary and recent peri- 
ods. We are certain that the augmentation, if any, has not been 
equal to the elevation, for subsidences to a great amount are known 
to have taken place. 

There are occasional instances of submerged forests seen at low 
tide, at some distance from the shore. There are several near the 
coast of England and Scotland, and near the coast of Massachu- 
setts. They are but a few feet below low water, and do not indi- 
cate a subsidence of more than about twenty feet. 

Numerous instances are on record of the sinking down of 
wharfs and buildings near the sea during earthquakes. Almost 
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every violent earthquake is 'accompanied by a change of level. The 
ohanges of this kind which have been noticed are io seaport towns, 
because greater facilities are there afforded for detecting them, and 
because loss of property awakens attention to them ; but there is 

Flg . co. everv reaflon to ap- 

pose that these changes 

of level extend to great 

distances both into the 

country and into the 

sea. 

An immense area 
in the Indian and Pa- 
cific Oceans, probably 
ten millions of square 
miles, is undergoing 
change of level. The 
lines A B and D C 
(Pig. 60), represent 
nearly the axes of de- 
pression ; while an in- 
termediate and two 
exterior parallel lines 
would represent axes 
of elevation. The ev- 
idence of these changes 
is found principally in 
the peculiarities of the 
wall of coral rock en- 
circling the islands. 

The following fig,- 
ures represent, in sec- 
tions, modifications of 
form of the same isl- 
and. The coral wall 
built up around the island by the polyps, from the depth of fifty, 
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or at most of a hundred feet, is shown at e e (Fig. 61). If the 

Rg. ei. 




island is elevated, this wall becomes a fringing reef (Fig. 62), V 
becoming the level of the sea, and the animal begins a new wall 

Fig. 62. 




Fig. 63. 



at the same depth as before. But if the island is gradually sink- 
ing, the wall is kept built up to the surface, and becomes a barrier 
reef (Fig. 63). A channel is thus left between the island and the 
reef, which, though 
gradually filling up 

with broken coral or * x — -~ ^\ i 

other sediment, is gen- \ 
erally deep enough for 
a ship-channel. If 
the island continue to 
subside till it disap- 
pears, and the coral wall is still kept at the surface, it then becomes 
an atoll, a circular coral island (Fig. 64), often of many leagues 
in diameter, beaten by the surf on the outer edge, but enclosing a 
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quiet lake, which communicate! only bj occasional channels with 
the ocean. 




The islands contiguous to the lines A B and C D (Fig. 60) are 
uniformly atolls, or are surrounded by barrier reefs, and ace there- 
fore subsiding; while the islands at a distance from these lines 
are surrounded by fringing reefs, whioh indicate that they are 

A well-authenticated instance of gradual subsidence is that of 
Greenland. The entire western coast, from its southern extremity 
to Disco Island, a distance of six hundred miles, has for the last 
two centuries been slowly subsiding. The dwelling-houses and 
places of worship built by the early European settlers are now in 
part or entirely submerged. The natives are said to be aware of 
the subsidence, and never build their huts near the sea, 

4. We have thus seen that both elevation and depression may 
take place. There is reason to believe that these changes of level 
have, in some oases, been several times repeated. In one of the 
eastern ranges of the Andes, opposite to Chili, there is a mass of 
marine strata of five thousand feet in thickness. About the mid- 
dle of the series there occurs a silicified forest. In one place a 
clump of coniferous trees was found of more than fifty in number, 
and a foot or more in diameter. The base of the strata must have 
been twenty-five hundred feet below the surface of the sea, in 
order to admit of the deposition of the first half of it It was 



then elevated, so that a forest grew upon its surface. It was then 
depressed at least twenty-five hundred feet more, to admit of the 
deposition of the subsequent strata, and the whale is now uplifted 
to form a mountain range of eight thousand feet in height. 

The temple of Jupiter Serapis, near Naples, in Italy, was built 
near the sea, about eighteen hundred yean ago. It was gradual] y 
submerged, and finally lost by the deposition of sediment nearly 
to the top of the columns. It was afterwards elevated, so as to be 
entirely above the level of the sea. The remains of the temple 
(Fig. 65) were afterwards discovered by the columns projecting a 

IV N, 




little above the ground. The sediment was removed to the depth 
of fbrty-eiz feet, when the workmen came to the base of the col- 
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umns, and to a pavement seventy feet in diameter. In 1807 an 
artist was employed to take drawings of the ruin. The pavement 
was then above the level of the sea. Sixteen years afterwards the 
same artist found the pavement covered with water, and the depth 
has continued to increase since that time. It is considered that 
for the last forty years the depression has been three-fourths of an 
inch a year. 

Instances enough have now been given to show how extensively 
the system admits of change. They are sufficient to justify us in 
searching for indications of great revolutions in past times, even 
where no such indications have as yet been discovered. They will 
serve as a key to many otherwise inexplicable phenomena. In 
order to the interpretation of such phenomena readily, we must 
cease to look upon these as exceptional cases, and regard them not 
only as facts, but as facts of frequent occurrence. 

From the examples which have now been given, as well as from 
speculations upon the cause of these changes, it seems highly prob- 
able that all the surface of the solid portion of the earth, whether 
land or the bed of the sea, is undergoing changes of leveL It may 
be so gradual that in the life of an individual it would be imper- 
ceptible, even where the best means of detecting it exist. These 
means are generally the works of man, and they are themselves so 
liable to change, that it would be scarcely possible to detect varia- 
tions of level, which amount to but a few inches in a century. 

If we admit that the relations of land and water have always 
been variable, it is impossible to arrive at any certain conclusion as 
to the amount, position or form, of the dry land at any former 
period. We may determine, with some degree of certainty, what 
portions of the present continents were submerged at particular 
epochs. Thus, we may infer that most of this country was sub- 
merged during the Silurian period, from the great extent of the 
Silurian rocks ; and, from the limited extent of the chalk formation 
in this country, we know thai during the cretaceous period most of 
the continent was above the surface of the sea. But we have 
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absolutely no data for determining what portions of the bed of the 
sea were at any time dry land. 

It is supposable that the land has been principally confined to 
the equatorial regions at one period, and to the polar at another. 
At still a different period the land may have existed as islands 
scattered through a general ocean. These relations may, there- 
fore, be assumed to have existed, if there are geological phenomena 
which best accord with such relations. 



SECTION IV. — CHANGES ON THE 8URFACE 0? THE EARTH. 

1. The principal changes of this class consist in the wearing 
down and removing immense quantities of the surface rock. The 
form in which the igneous rocks, of which the entire crust of the 
earth was originally composed, now appear, furnishes no assistance 
in judging of the amount of denudation which they have suffered. 
We can judge only from the amount of rock for which they have 
furnished the materials, and these are the whole sedimentary 
series which exist both as dry land and as the bed of the sea. 

2. The sedimentary rocks have also been subject to great denu- 
dation ; and we often have, in what is left, some indications of 
how much has been removed. One of these indications consists in 
the now level surface of those portions of country in which large 
faults exist. By the excavations for coal, in England, faults have 
been discovered of five or six hundred feet. At the time that they 
were formed, the surface must have presented precipitous escarp- 
ments (as represented by the dotted lines in Fig. 50) of a height 
equal to the dislocation ; but the whole is now reduced to a gen- 
eral level (z z), denuding causes having removed the elevated 
portions. 

The extent of valleys will often give some idea of the amount 
of denudation to which a region has been subjected. In the north- 
west of Scotland there is a succession of hills of about three thou- 
sand feet in elevation, consisting, for the upper two thousand foot, 

8 
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of horizontal strata of old red sandstone. (Fig. 66.) We can- 
not conceive that these mountain masses were deposited in their 

Fig. 66. 
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present isolated form. The whole intervening spaces must have 
been filled with strata continuous with those by which the eleva- 
tions are formed.* 

A Bomewhat similar instance occurs in the Connecticut river 
sandstone, in the central part of Massachusetts. The following 
figure (Fig. 67) represents two mountains of the sandstone, between 

Fig. 67. 




which the Connecticut river flows. The dotted lines indicate a 
depth of one thousand feet of the rock which has been swept away. 



* " I entertain little doubt that when this loftier portion of Scotland, includ- 
ing the entire Highlands, first presented its broad back over the wares, the 
upper surface consisted exclusively, from one extremity to the other, of a con- 
tinuous tract of old red sandstone ; though, ere the land finally emerged, the 
ocean currents of ages had swept it away, all except in the lower and last 
raised borders, and in detached localities where it still remains, as in the pyr- 
amidal hills of Western Kosshire, to show the amazing depth to which it had 
once overlaid the inferior rooks." — Miller, Old Red Sandstone, p. 22./ 
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It is also thought that a bed of equal depth has been removed from 
this section southward, through the State of Connecticut, to the 
sea-coast. 

3. Valleys, and even many of the larger valleys, are produced 
by the wearing down of the surface. The lower portion of the 
Connecticut valley is one of denudation, though in its upper part 
it is a valley of elevation, resulting from the upheaval of the 
Green and White Mountains. The water-courses from the moun- 
tains are transverse to the direction of the ranges, and generally 
consist of valleys of "denudation. These valleys were no doubt 
originally fractures, produced while the mountains were rising. 
The fractures have been subsequently widened by denudation into 

4. The rocky surface, beyond the fortieth parallels of latitude, 
and in the vicinity of glacier-producing mountains, is gener- 

Fig. 68. ally covered with 

r^-i-i- ----- grooves and stria 

(Fig. 68), varying 
^-- v -. from several inches 

"; . '" ~~ in depth to the 

^="-— — finest perceptible 
-^--^ fi:-" - lines. Bocks that 
E — s3§ *•* of * soft oon- 
^^f 5^^ i T*^ Ti~~ sisteuce, or which 
"^0*v*"Ss5S?i . naro o® 611 long 
^"j^-^.-.; o f - exposed to atmos- 
- - pheric agents, sel- 

"^°^ a^ 8 ^: "'* j^ - --- ■ dom exhibit these 

marks, though there are probably few places, outside of the par- 
allels before mentioned, where the rocky surface, if it has been 
protected from atmospheric decay, does not contain such grooving. 

5. Another change at the surface consists in the formation of a 
toil ; that is, of a superficial layer, of no great thickness, of earthy 
matter, a large proportion of which is always in a minutely divided 
state. In some instances it is common sediment, unsolidified ; in 
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others, it consists of the sor&oe rook in a state of 

bat a large part of the soil within the region where the grooved 

surfaces are found consists of materials transported from a 

Soils are distinguished according to their predominant minerals, 
as siliceous, aluminous and' calcareous. If siliceous matter is in 
excess, it will be a light, warm soil, and allow the water to pass 
through it too freely. If the clay predominates, the soil is cold, 
stiff, and too retentive of moisture. A proper admixture of these 
three ingredients constitutes the best soils. There are some other 
mineral ingredients essential to the productiveness of soils, but 
they are always in small proportion. In addition to the inorganic 
part which is common to the upper soil, and the subsoil, there is 
required, in order to render the upper layer productive, a large 
admixture of decaying animal and vegetable matter. * 



SECTION V. — PHANOES OF CLIMATE. 

Our means of determining the climate of any former period 
consists in a comparison of the fossils of such period with the exist- 
ing forms of life in warm and cold climates. 

The earliest abundant vegetation consisted principally of ferns, 
rushes and mosses, and a larger growth was attained than is at- 
tained by any of the allied forms of the present time. We may 
infer that the circumstances under which these lower forms of 
vegetable life are now produced in the largest proportion, compared 
with other forms, and under which they grow to the largest size, are 
the circumstances approaching most nearly those under which the 
early vegetation was produced. These circumstances are found 
to be a position elevated but little above the level of the sea, a 
humid atmosphere, and the highest terrestrial temperature. Such 
facts favor the conclusion that during the coal period an ultra- 
tropical climate prevailed, and that the land existed in the form 
of low islands, thickly set in a general ocean. 
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The peculiar characters of gome of the animal fossils, from the 
earliest fossiliferous to the tertiary series, indicate that a warmer 
climate prevailed daring their formation than now exists. Hie 
remains of marine animals, such as the cephalopoda, are found in 
great numbers and in high latitudes, in a fossil state ; but similar 
species, as the nautilus, now abound only between the tropics. The 
same is true of the crinoidea. Coralline limestone is also found in 
great abundance and in high northern latitudes ; but the stone-pro- 
ducing coral now exists only in very warm seas. The remains of 
saurian reptiles are numerous in the oolite and Wealden ; but all the 
larger recent species of the lizard tribe, such as the crocodile, are 
confined to the warmer regions of the earth. 

A former warm climate in Siberia is indicated by the occur* 
rence there of the remains of elephants. These animals were so 
abundant that their tusks are now collected as an article of com- 
merce. The abundance and high state of preservation of these 
remains seem to preclude the explanation that they were conveyed 
there, from the present tropical regions, by any great geological 
convulsion. The species must therefore have inhabited the country, 
though the elephant is now found only between the tropics. The 
Siberian elephant was a different species from any now existing, 
and, unlike the recent species, had a covering of coarse hair. 
There is, however, no reason to conclude that it could endure a 
continued low temperature ; and its sustenance would have been 
impossible, from the very stinted vegetation which that region now 
affords. We must therefore suppose that Siberia enjoyed, at the 
period when it supported these animals in such abundance, a trop- 
ical climate. 

Most of the facts which go to prove a change of climate have 
been observed in the northern hemisphere ; but the explorations in 
South America and New Holland furnish ground for believing that 
the geological phenomena of the two hemispheres are essentially 
alike, and that the indications of climate are the same for the same 
periods. 

Such is, in general, the evidence in reference to climate ; and it 

8* 
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leads to the conclusion that a highly tropical climate prevailed in 
the temperate, and for some distance, at least, into the polar 
zones, in the earl j geological periods ; while there is no reason for 
supposing that the tropical regions experienced a temperature too 
high for physical life to endure it. The climate of the earth was 
characterized then by a higher temperature than now, and by 
greater uniformity. This was the climate, with perhaps a gradual 
reduction of temperature, till the later portions of the tertiary 
period. 

Before the close of the tertiary period, a change occurred, and 
probably a rapid one, to a more rigorous climate .than now exists. 
The destruction of the elephant in Siberia was evidently sudden, 
and was followed by extreme cold ; for the animals are in some 
cases entirely preserved in ice, and in so perfect a state that, when 
the ice which surrounds them becomes melted, the flesh is devoured 
by carnivorous animals. There are occasionally found, in the drift 
of the boulder period, shells similar to those of the Arctic regions, 
and in a condition to show that they have not been transported. 
The clay beds of the northern portion of the United States and of 
Canada were deposited during the last depression of that portion 
of the continent, and they contain the remains of marine animals 
identical in several instances with species now living, but confined 
to more northern regions. It must therefore be admitted that the 
interval between the middle tertiary and the modern era was one 
of great cold. It is generally referred to as the Glacial period. 

Very considerable local changes of climate have also occurred 
within the historical period. Thus the mean temperature of the 
Alps has been so reduced that the ancient passes have in modern 
times become choked up with snow, and other passes have been 
sought, — a result, perhaps, of additional upheaval. It would seem 
that Siberia is now receiving a milder climate. The ice in which 
elephants have for centuries been imbedded has been slowly melt- 
ing for at least thirty years. 
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SECTION VI. — ADVANTAGES RESULTING FROM GEOLOGICAL CHANGES. 

1 • The division of the general surface into land and water, as well 
as the diversified form of the land, the existence of mountains and 
low lands, and the consequent modifications of climate, the water- 
falls, and the river-systems, constituting the drainage of continents, 
are all results of the process of upheaval. 

2. A large part of the mineral substances employed for archi- 
tectural and economical purposes are oceanio deposits, — such as the 
marbles, slates, sandstones and mineral salt, — and would have been 
inaccessible if they had not been elevated from the position in 
which they were formed. And the elevation of them above the 
bed of the sea would have exposed only the superficial layer, if 
they had not been either irregularly uplifted, as at e e (Fig. 69), 
or unequally worn down, as at b. 

Fig. 69. 




The granitic rocks, as they were formed below the aqueous 
rocks, must have remained unknown and useless, if they had not 
been brought to the surface, as at c, by the most convulsive efforts 
of nature of which we have any knowledge. Thus, natural 
mechanical forces have effected for man what the mechanical forces 
under his control would be entirely insufficient to accomplish. 

3. It is by changes of this kind that we become acquainted with 
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the geological structure of the crust of the earth. Mining opera- 
tions have never extended to a greater depth than three thou* 
sand feet, while the inclined position of the strata exposes for 
examination, along their outcropping edges, e a c, the whole series, 
even to the primary rocks. The upheaval of the granitic rooks, 
and the removal by denudation of the overlying deposits, shows 
us the crystalline character which the earthy materials take, 
when subjected to pressure and cooled from fusion with extreme 
slowness. Thus we have, exposed to observation, the process of 
nature in the formation and modification of rocks for several miles 
in depth. Of the central portions, however, including by far the 
largest part of the mass of the earth, we have no knowledge 
whatever. 

4. Springs, and the other means of obtaining water for domes- 
tic purposes, depend in part upon the inclined position of strata, 
and the broken and uneven condition of the surface, and in part 
upon the alternation of permeable and impermeable strata. If all 
the strata were porous, like the sandstones, the water which falls 
upon the surface would gradually settle through them to the level 
of the sea ; or, if they were all impermeable, like the clays, the 
water would pass over the surface, and be collected in lakes or the 
ocean. As it is, the porous structure of the soil and of some rocks 
acts as a reservoir, from which the water is gradually discharged, 
and the intervention of impermeable strata prevents its taking a 
perpendicular direction downwards. Thus, if the stratum e b (Fig. 
69) consists of porous rock, and the one below is impermeable, the 
water which is absorbed at e will appear at b as a spring. Or, 
if the line a d is a fracture, the water received at c may reappear 
as a spring at a. If the strata were perforated by boring at e till 
the porous stratum a is reached, the water will rise to the sur- 
face, constituting an Artesian well. An ordinary well consists of 
an excavation continued till a stratum is reached which is perma- 
nently saturated with water. 

5. Most of the metallic ores which occur in the stratified rocks, 
with the exception of iron, are found in fractures or as dikes. 
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Without these disturbances of the strata, the ores would have 
remained either sparingly diffused throughout the adjacent strata, 
or as a part of the melted mass at the volcanic centres. The ores 
and metals which are found in the primary rooks are accessible 
only by the bringing up jof these rocks to the surface. 

The fracturing, displacement, and elevation of the strata, 
attended, as is often the case, with the destruction of property and 
of the life both of man and the inferior animals, might, at first 
view, be thought an unnecessary, if nota wanton infringement upon 
arrangements already established. But the results which we have 
noticed, though by no means a full enumeration of the advantages 
resulting from geological changes, are sufficient to show that even 
the more violent disturbances to which the crust of the earth has 
been subjected constitute an important part of that series of adjust- 
ments which has rendered it a suitable abode for human beings, 
These changes are therefore neither useless nor accidental, but are 
essential parts of a wise and beneficent system. 



CHAPTER IV. 

OF THE CAUSES OF GEOLOGICAL PHENOMENA. 

An exhibition of the composition and structure of the earth, 
together with an aoooant, as far as there is reliable evidence, of 
the modifications which they have undergone, has been the object 
of the preceding chapters. They are mainly a collection and clas- 
sification of observed facta. No reference has been made to 
causes or modes of operation, except in a few cases where it was 
necessary in order that a statement or description, might be 
intelligible. 

If the facts have been given with sufficient clearness and detail 
to convey a correct general idea of the crust of the earth, we are 
prepared to inquire what are the agencies employed, and how they 
have operated in producing it. It is the province of the geologist 
to question every known power in nature, and to ascertain what 
geological effects each one is now producing ; and, observing what 
effects are produced by given causes, he is to judge of the causes 
which have produced like effects in past geological periods. 

Some of these causes are in their nature limited, and effects can 
be referred to them only within those limits. Thus, the congela- 
tion of water expands it by a certain proportion of its volume, and 
beyond that it can have no effect. But the expansive power of 
steam varies with the temperature ; and hence the effects referred 
to it may be equally varied. Thus, we are not to expect exact 
uniformity of results in all past times, but the results will vary 
only as the circumstances vary upon which the operation of these 
causes depends. 
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Geological causes, in most instances, operate with extreme slow* 
ness ; and therefore it will require a series of observations, continued 
for a long time, to ascertain what are the capabilities of these 
causes. But a single instance of their effects proves their capa- 
bilities thus far. Hence, one instance of the deposition of a 
stratum of salt in a salt lake ; of the filling of a fracture with fluid 
lava ; of a volcanic eruption, like that of Iceland in 1783 ; of the 
subsidence of a volcanic mountain, as that of Papandayang in 
Java ; or of the rising of a large area of land, as in Sweden, as 
fully proves that natural causes exist capable of producing these 
effects, as if the effects were produced daily. As these effects 
increase in number, and careful observations are made and authen- 
tic accounts preserve^, the means of correctly explaining geologi- 
cal phenomena will increase. The causes thus far known are 
Atmospheric Causes, Chemical Action, Organic Agency, and 
Aqueous, Aqueo-glacial and Igneous Action. 



SECTION I. r— ATMOSPHERIC CAUSES. 

The oxygen of the atmosphere is capable of uniting with some 
of the constituents of rocks, by which their cohesion is weakened or 
destroyed. This is the cause of the rapid disintegration of some 
varieties of granite. The protoxide of iron which they contain is 
converted, by contact with the atmosphere, into the peroxide. Its 
volume is thus increased, and portions of the rock are separated 
from the mass. When granite or limestone contains sulphuret of 
iron, the oxygen of the atmosphere, in connection with moisture, 
combines with the sulphur, forming sulphuric acid, by which lime- 
stone and the felspar of granite are rapidly decomposed. Hence, 
a rook which contains an oxide or sulphuret of iron should not be 
used for architectural purposes. 

Carbonic acid is another constituent of the atmosphere which 
operates as a decomposing agent. The water that mils from the 
atmosphere is charged with it, and thus becomes capable of dis- 



96 ATMOSPHERIC CAUSES. 

solving calcareous rocks. Carbonic acid is thus indirectly the 
means of the rapid destruction of rocks of this class. It is also 
believed that carbonic acid enters into direct combination with 
some of the constituents of rocks, and particularly felspar ; for it is 
found that in those countries where carbonic acid issues in great 
quantities from the earth, the rocks, especially those which contain 
felspar, disintegrate rapidly. Masses of many tons' weight, which 
appear to be solid granite, after being broken are found to be in 
such a state of decay that fragments may be reduced to sand 
between the fingers. 

The moisture of the atmosphere has some effect as a decompos- 
ing agent. Bocks which are exposed to frequent alternations of 
moisture and dryness soon crumble into fragments. Bain, falling 
upon the surface of rock, produces, mechanically, a destroying 
effect, which is not to be overlooked. 

Variations of temperature, especially those alternations above 
and below the freezing point, have greater influence than any 
other cause in the destruction of rocks. When the water with 
which a rock is saturated congeals, the resulting expansion tends 
to enlarge the interstices, and thus to separate the particles of the 
rock. When the ice melts, the particles fail to resume the close- 
ness of arrangement with which they were before packed. By 
frequent repetition of this action, the superficial portion loses its 
cohesion, and disintegrates. It is also found that in the region of 
perpetual snow the surface of the mountain masses is covered with 
rock in a disintegrated or fragmentary state, in greater abundance 
than below the snow line ; but no explanation of this fact has yet 
been found. 

In mountainous regions, electrical discharges and violent storms 
have some destroying effect. Winds have considerable power 
in changing the place of earthy matter in a disintegrated state. 
In deserts, the sands are carried in great quantities to great 
distances. 

The causes now enumerated, when considered separately, and as 
acting for only limited periods of time, seem hardly worthy of 
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notice ; but when considered as operating conjointly, and for indefi- 
nite periods of time, they must have produced important changes 
on the surface of. the earth. 

From these causes, the surface and ornaments of castles and 
other ancient edifices, and of boulders, and all insulated rooks, 
are found to be decayed, and often to a considerable depth. It is 
from these causes that a soil is produced on every surface of rook 
which is not so exposed to the action of currents that the debris is 
removed as fast as it is formed. Hence it is, also, that a slope of 
detritus is formed at the base of every declivity, so that the ledge 
appears only at the highest points. 

It is from a combination of these atmospheric causes that a large 
part of the sediment is furnished which brooks and rivers carry 
away. And when cohesion is not entirely overcome, it is so far 
weakened that other causes are much more effectual than they 
would otherwise be, in effecting the disintegration of recks. 



BBCTION n. — CHEMICAL ACTION. 

All those changes in which the action is molecular, — that is, be- 
tween the molecules as such, and not between the masses, — includ- 
ing the effects of the imponderable substances, we regard as result- 
ing from chemical agency. 

Under the control of these molecular forces the crystalline rocks 
have taken their form ; and if the crust of the earth could have 
remained in a fixed condition, in which these forces would have 
been in equilibrium, no further chemical action could have taken 
place. But, instead of being in a fixed condition, the present sys- 
tem is one of perpetual change. Various disturbances of this 
equilibrium of forces, — such, for instance, as the diurnal and annual 
changes of temperature at the surface, and the still greater secular 
changes of temperature at great depths, — will bring the chemical 
forces into operation. The mechanical disintegration of the crys- 
talline rocks, and the deposition of them in strata independently of 

9 
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the chemical affiuity of their particles, will give occasion for 
chemical changes, — that is, for a rearrangement of the particles in 
accordance with their affinities, — whenever any movement of the 
particles among themselves can take place. These movements take 
place, to a very great extent, under the influence of electrical cur- 
rents, and of change of temperature, even while the masses retain 
their solid form. 

Chemical affinity has exhibited itself on the largest scale in the 
formation of the various mineral species of which the crust of the 
earth is composed ; but we may also refer to the same cause the 
formation of divisional planes in rocks, the concretionary arrange- 
ment, and* mineral veins. 

- 1. Divisional Planes. — It has before been stated, that the older 
rocks, in many cases, cleave freely in planes not parallel with the 
stratification. (See Fig. 48.) In some instances, in beds of lava, 
a similar cleavage exists, sufficiently perfect to allow of its use as 
a roofing material. In these cases, there must have been a rear- 
rangement of the particles, so that their axes of greatest attraction 
would lie in parallel planes ; the same arrangement which exists in 
mica and other crystalline substances, which have one and but one 
free cleavage. 

A similar arrangement has sometimes taken place under such 
circumstances as to submit the process to more careful scrutiny. 
In the gold mines of Chili, the powder from which the gold has 
been washed is u thrown into a common heap. A great deal of v 
chemical action then commences ; salts of various kinds effloresce 
on the surface, and the mass becomes hard, and divides into frag- 
ments which possess an even and well-defined slaty structure" 
When a portion of clay, worked into a paste with a very weak 
acid, is submitted to a weak voltaic action for several months, and 
then dried, it is found to have acquired a distinct though imper- 
fect cleavage structure. 

It appears, then, that both electrical currents and ordinary 
chemical action are capable of arranging the particles of an earthy 
mass into separable layers. We may then regard this change in the 
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older rocks as an imperfect crystallization, and probably induced 
by electro-chemical agency. 

It is also found that all rocks are divided into huge blocks by 
seams not parallel with the cleavage, and too regular to be consid- 
ered as fractures. These seams bear an analogy to the secondary 
faces of crystals, which are never parallel to the cleavage. 

2. Concretionary Formations. — There exist in many rocks 
concretions which differ from the mass of the rocks. In most of 
the tertiary clays there are small concretionary nodules, which 
contain more calcareous matter than the mass of clay around them. 
In the coal formation, the nodular iron ore consists of concretionary 
masses. In the chalk formation, nodules of flint abound, and gen- 
erally in layers. In many of these cases, particularly in the 
days and coal, the nodules have an organic nucleus, and, although 
concretionary, they retain the* marks of stratification of the adja- 
cent rocks. Hence they could not have been deposited in the form 
of nodules. There must therefore have been in the rock, though 
in the solid state, such motion among the molecules that particles 
of a particular mineral have separated from the mass and rear- 
ranged themselves in concretionary layers, yet so gradually as not 
to disturb the lines of original stratification. 

There are other instances, similar to the last in all respects, 
except that the segregated portion does not take the concretionary 
form. When gypsum is distributed in small proportion through 
a formation, there seems very little reason to doubt but that it is, 
by a molecular action, segregated from the strata in lenticular 
Fig. 70. masses, as at a (Fig. 70). Many 

of the limestone strata contain 
irregular aggregations of quartz. 
It is presumed that the siliceous 
and calcareous matter was deposited 
together as sediment, and that the aggregation has resulted from 
a movement among the particles similar to that by which the con- 
cretionary structure is produced. 

The columnar structure of basalt seems to have resulted from 




a peculiar molecular action, at first, resembling a concretionary 
arrangement, while the mass was cooling from a state of fusion. In 
experimenting to ascertain the cause of this structure, Mr. Watt 
fused in a furnace seven hundred pounds of basalt. When cooled, 
he found that " numerous spheroids had been 
formed, and that when two of them came 
in contact, they did not penetrate each other, 
but were mutually compressed and separated 
by a well-defined plane, invested with a 
rusty coating. When several met, they 
formed prisms." (Pig. 71.) 
8. Mineral Veins. — The phenomena of veins are such tint 
they cannot all be referred to the same cause. In some, the vein- 
stuff has been protruded as a dike, differing from ordinary dikes 
only in the accidental circumstance that it contains a metal or 
a metallic ore. 

Mineral veins are not, however, generally filled by injection from 
below. It is found that those veins only are productive which have 
an east and west direction. But injected dikes run in all directions. 
The ore often varies in richness at different depths in the vein, 
or passes into ore of some other metal. The ore also varies in 
kind and quality, according to the character of the rock through 
which the vein passes. These phenomena are best explained by 
supposing that the sediment of which the strata were formed con- 
tained the mineral substances of these veins in small proportion. 
After they were solidified, and fractures had been formed, the min- 
eral substance was transferred by molecular action to the fissures, 
and deposited. 

It was shown by the early experiments of Davy, that voltaic 
currents are capable of taking up mineral substances from their 
solutions, and removing them from one cup to another. It has 
been ascertained that in moat mineral veins a proper apparatus 
will detect the existence of electric currents. It may be regarded 
as certain, that the unequal heating of different parts of the sur- 
face at the same time, by the sun, causes a vast current of feeble 
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intensity to circulate around the earth once in twenty-four hours. 
The unequal distribution of heat below the surface may also pro- 
duce currents subject to other laws. We should expect that these 
currents would take up the mineral substances diffused through 
rocks, and deposit them by themselves. It seems probable, there- 
fore, that the molecular action, from which the segregation of 
metallic veins has resulted, was that of voltaic currents. 



SECTION UI. — OBGANIO CAUSES. 

The effects of all organic causes in producing geological changes 
are inconsiderable, compared with those of inorganic causes. With 
the exception of the coral formation, the most important of these 
effects are those produced by human agency. We find examples 
of this agency in the distribution of animals and plants beyond the 
regions where they are indigenous ; in the increased numbers of 
certain species, and in the diminution, if not extinction, of others ; 
in the modifications of climate, dependent on the destruction of 
the forests and the cultivation of the soil ; in controlling the course 
of rivers ; in arresting by embankments the encroachments of the 
sea ; in breaking up and changing the place of great quantities of 
rock by mining and engineering operations ; and in the increased 
quantity of sediment furnished to streams by cultivating the sur- 
face, and thus preventing the protecting influence which the matted 
roots of trees and the smaller vegetables would otherwise have. 
Such effects, though attributable mainly to man, are produced in 
some degree by all other animals. 

' Besides these general effects, it is the existence of organic forms 
that has conferred on all the sedimentary rocks their fossiliferous 
character. The records of the climate of each geological period, 
of the physical geography, of the vegetable productions, and of 
the animal forms by which the earth was peopled, consist in the 
remains of the living beings of these several periods, imbedded in 
the contemporaneous rock formations. But in the sediment 
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deposited since the human era there most have been furnished 
both the remains of human beings and works of art, such as 
implements of labor and war, pottery, coins, fragments of ships, &c. 

Moreover, the quantity of material which has been furnished by 
organic causes is by no means small. The coal-beds are the prod- 
uct of vegetable growth exclusively. We not unfrequently find 
strata of great extent consisting almost entirely of the shells of 
molluscous animals, of the stems of encrinites, or of the shields 
of microscopic animalcules. 

But the most abundant rock which can be regarded as the prod- 
uct of animal organization is the coral formation. It consists of 
immense walls of coral limestone, separating either an atoll or the 
land of an island or continent from the open sea. The base of 
this wall has a width varying from a hundred feet to a mile or 
more, and the outer edge of it is at such a distance from the shore 
as to give a depth not much exceeding a hundred feet. Over 
this area of the bed of the sea, which forms the base of the wall, 
the coral polyp commenced its work. Attaching itself in im- 
mense numbers over this area, it deposits calcareous matter from 
its under surface, and thus, by degrees, elevates itself towards the 
surface of the water, till it reaches a level a little above low-water 
mark. The height of the wall would not, with these conditions, 
exceed one hundred feet ; but some hundreds of the islands sur- 
rounded by coral walls are gradually subsiding. The depositions 
of the polyps keep pace with the subsidence, so that this wall has 
reached an elevation from its base of a thousand feet, and in one 
instance of two thousand feet. (See Figs. 61, 62, 63, 64.) 

Most of the islands of the torrid zone are thus surrounded with 
coral reefs, except a few where the cold polar currents reduce the 
temperature too low to admit of their growth. In one inqfrmce, 
along the north-east coast of New Holland, there is a coral reef, 
some twenty-five miles from the land, which has a continuous ex- 
tension, excepting occasional inlets of no great depth, of a thousand 
miles. The reef along the island of New Caledonia is four hun- 
dred miles long. A large number of other reefs have a nearly 
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equal extension. There is thus an area of several thousands 
of square miles covered to a great depth with this coralline lime- 
stone. Some limestone formations of great extent among the older 
rocks were the work of similar animals. These lower forms of 
organization have, therefore, always been important geological 
agents, both in collecting the carbonate of lime from its solution 
in the waters of the ocean, and in depositing it as solid rock* 



SECTION IT. — AQUEOUS CAUSES. 

Water is, next to heat, the most important geological agent 
All the stratified rocks are aqueous deposits, and their total 
amount is in some respects a measure of the influence which this 
agent has exerted. The materials have been obtained from the 
destruction of preexisting rocks, transported by water, and depos- 
ited in layers. 

When the first strata were formed, the sediment must have 
been obtained entirely from igneous rocks, because only those 
rocks existed ; but now it is obtained from every kind of rock 
which is exposed to abrading or decomposing agencies. Hence, 
many of the later formations contain fragments, and sometimes 
within the fragments well-characterized fossils, of earlier formations. 

The sediment which is ultimately to become stratified rock is 
deposited on the beds of the ocean, and other great reservoirs of 
water. The formation of most of the aqueous rocks, therefore, as 
well as of the igneous rocks, is deep below the surface ; and neither 
of these operations, on the large scale, is directly exposed to our 
observation. We may, however, learn by observation, how the 
sediment is furnished to the waters and transported by them, and 
we can form some correct ideas of the manner in which it will be 
laid down on the bed of the ocean, and solidified. 

I. The Furnishing of Sediment. 

1. Almost all the minerals which occur in the geological forma- 
tions are, to some slight extent, soluble in water. Hence, rain 
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water, by passing through a stratum of earth or rock and reap- 
pearing as a spring, loses the insipidity which it had as pure 
water, and becomes palatable. It is then found to hold in 
solution some small proportion of earthy substances, upon which, 
this change of taste depends. Although the proportion of dissolved 
matter is very small, yet the surface of earth upon which this dis- 
tilled water is shed is one-fourth of the surface of the globe, and 
solution below all that surface is constantly taking place. No 
inconsiderable amount must thus have been furnished, from the 
existing rocks of each period, towards the formation of the strata 
of a later period. 

There are some substances which are soluble in water, in large 
quantities. Bock-salt is an example. It is not round in any 
very large proportion in rocks generally, but a very large aggre- 
gate amount has been taken up by the waters which have filtered 
through the strata. The ocean gathers into itself, by degrees, all 
the soluble substances which are thus taken up. It receives sup- 
plies of water charged with these substances from springs, rivers 
and lakes.* It returns as much water as it receives ; but it is 
always in the form of vapor, and is therefore pure water. Hence 
the saline properties of the ocean, and of those inland seas which 
have no outlets. There is thus gathered the materials for the 
rock-salt deposits. 

But many substances which are not considered soluble in water 
become so by some modification of the water. Water of a high 
temperature is capable of dissolving silex. In Iceland and other 
volcanic regions, the hot springs are charged with silex, which is 
deposited as the water cools. Thus, siliceous formations accumulate 
around springs of this kind. The various agates may have been 
deposited from such solutions. 

In the decomposition of mica, felspar and volcanic rocks, a con- 
siderable amount of potassa is set free. Potassa or soda renders 
the water in which it is dissolved capable of dissolving silex in 
large quantity. In these ways water removes, with some degree 
of rapidity, one of the most insoluble minerals which rocks contain. 
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la volcanic countries, and in coal districts, carbonic acid is 
abundant, both in spring-water and in the gaseous form. Water 
charged with this gas becomes capable of dissolving limestone. 
Where the water is exposed to the air, the gas gradually escapes, 
and the calcareous matter is deposited. Many accumulations of 
this kind are now taking place. Some have already extended 
several miles in length, and they are often of great thickness, — 
in one instance, in Italy, two hundred feet (Fig. 72). It is also 



Fig. 72. 




probable that many calcareous springs issue below the surface of 
lakes and seas, and thus, both fresh-water and marine deposits 
would now be forming. These formations are distinctly stratified, 
and are white and crystalline, and become solid at the time of 
deposition. 

These dissolved materials are less observed than others, because 
they do not render the water turbid; but there is reason to believe 
that several of the aqueous formations, particularly the limestones, 
have been built up chiefly from them. 

2. The abrading action of rivers furnishes considerable detrital 
matter. The general form of the river courses is determined by 
other causes than the agency of the river itself, yet a river which 
has a rapid current is continually deepening its channel. We have 
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proof of this by observing, when the water is low, that irregularity 
of surface which running water always produces, by wearing away 
the softer parts of the rock, and leaving the harder in relief. 
Hence, a river will have its rapids either where the hardest strata 
occur, and which therefore wear down least rapidly, or where the 
rock has been hardened by the intrusion or near proximity of 
dikes. 

The abrading power of rivers occasionally becomes greatly 
increased by water-falls. The force which the water acquires in 
its descent is such as to excavate a deep cavity at the foot of the 
fall, reaching back under the ledge from which the water descends. 
The ledge is therefore constantly being undermined. The cataract 
of Niagara is peculiar, in having the rock at its base of a soft and 
friable texture, so that it is rapidly worn away, while the upper 
rook is a compact siliceous limestone. If the order of super- 
position had been the reverse, the falls would have been converted 
into a series of rapids. It is now preserved as a single fall, and 
as such it has probably cut the gorge, about two hundred feet 
deep and seven miles in length, through which its waters now 
reach Lake Ontario. A few years since, a large mass, perhaps 
half an acre in area, fell from the centre of the horse-shoe falL 
Another mass of equal size has recently fallen from the western 
extremity of the ledge. Thus the fall is gradually receding. 

But the foreign substances, such as drift-wood, ice, sand and 
gravel, with which the waters of a river are occasionally charged, 
contribute more than everything else to its abrading power. At 
such times its volume is generally greatest, and its current the 
most rapid. Its bed is then sometimes perceptibly deepened and 
widened in a few hours. 

Much the greater part, however, of the earthy matter which 
rivers convey in such quantity to the ocean, is furnished by other 
means than the eroding action of the river itself. It is the loose 
material, the soil and alluvium, to which the solid rocks have been 
reduced by the imperceptible but incessantly operating atmos- 
pheric agencies, from which most of the sediment of rivers is 
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obtained. After a rain, every tributary rivulet is turbid with 
suspended earthy matter, and it is from these sources that the 
larger streams receive the most of their sediment. 

Some observations have been made for the purpose of ascer- 
taining the quantity of sediment which rivers annually carry into 
the sea. The Kennebec furnishes materials which, if spread 
evenly on an area of one mile square, and consolidated into rock 
of the specific gravity of granite, would have a thickness of six 
inches. The Merrimac furnishes about two-thirds as much,«the 
Ganges about two hundred and fifty times as much, and the Mis- 
sissippi two thousand times as much. 

Thus, the tendency is, to reduce the highest parts of the land, 
and to fill up the depressions of the sea ; and though we have not 
data enough to form any reliable estimate of the total annual dis- 
charge of sediment into the ocean by rivers, yet they are suffi- 
cient to show that the effects of this kind are on a large scale, and 
to relieve us from any impression that existing agencies are inade- 
quate to the production of the stratified rocks. 

3. The action of waves is another means by which detrital 
matter is furnished. Wherever the shore consists of loose mate- 
rials, and is favorably situated to be acted upon by the waves, there 
is annually a sensible encroachment of the sea. Such encroach- 
ments are rapidly making in many places; and thus a large 
amount of sediment is delivered to the waters of the ocean. 

The waves also encroach upon the coast when it consists of 
rocks, even of the most indestructible kinds. They continually 
beat upon it. undermine the cliffs, and precipitate them into the 
sea. The tides increase the power of the waves, by varying the 
place of their action, so as to present the same surface of rock 
alternately to the action of water and of the air, frost and sun. 
During storms, the waves have sufficient force to break off frag- 
ments of rock from the escarpment, sometimes in masses weighing 
twenty tons or more, and remove them many rods inland. 

A bold, rocky coast always exhibits evidence of a great amount 
of erosion. * The steep escarpments and the high rugged shafts of 
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rock (Fig. 73) against which the waves now beat are the rem- 
rants of masses of rock which once extended further into the sea, 
but have been worn away by the waves. It is by such agency 
that the deep inlets and harbors of the coast of New England and 
Nova Scotia have been excavated. 







Fig. 73. 
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This more violent action of the waves is only occasional ; but 
when of less power, they are incessantly rolling the loosened frag- 
ments of rock upon each other, and thus wearing them down to 
particles small enough to be carried away by the water. 

4. The action of waves is confined to the coast, and never 
extends to great depths. But marine current* act principally on 
the bed of the sea. The temperature of the mass of the ocean 
is much higher in the equatorial than in the polar regions. 
At the surface, the difference amounts to sixty degrees. The 
waters of the torrid zone are thus expanded, and flow over the 
colder waters of the north and south ; while these colder waters 
of the polar seas flow back, in an under current, towards the 
equator. 

For the same reason, — a difference of temperature, — there will 
be, in the higher regions of the atmosphere, a current of warm and 
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moist air flowing from the equator north and south, while the oold 
and dry air comes in from the polar regions towards the equator. 
In this way the equatorial waters are carried, in a state of vapor, 
towards the poles, where they are condensed, and go to increase 
the currents of water moving towards the equator. 

. Such are the general causes of the oceanic movements in a 
north and south direction; but these currents at once become 
deflected westward, by the diurnal revolution of the earth, as the 
trade winds do. Hence there results a Pacific equatorial current, 
which has a motion of about thirty miles a day, and an Atlantic 
equatorial current, moving from sixty to seventy miles a day. The 
principal marine currents are shown in Fig. 74. 

-The currents moving towards the poles are superficial, and 
therefore do not produce any marked geological effects. But the 
polar currents, and those which are produced from them, are of 
great depth, and there is no reason to suppose that they do not 
move, from their commencement, along the bed of the ocean. 
There is also reason to suppose that they exist at great depths, 
where the opposing superficial currents entirely conceal them. 

Wherever these currents come to the surface, their motion is 
undoubtedly greater than it is at the bottom, where it is retarded 
by the friction which the moving waters encounter, and by the 
irregularities of the bed of the ocean. It should, however, be 
remembered, that they move with the weight of the whole superior 
body of water ; and therefore, though the motion be very slow, it 
will still possess great power. 

Any irregularities in the bed of the ocean beneath such a 
current must be subject to very rapid abrasion. We shall sea 
hereafter, that earthquake vibrations often shiver the rocks at the 
solid surface ; and if any of these ridges at the bottom of the 
ocean were thus acted upon, the loosened portions would be swept 
away by the current and deposited at lower levels, or where the 
current subsides. If, in any instance during an earthquake con- 
vulsion, a fault should be produced across one of these marine cur- 
rents, like the great fault of over five hundred feet in England, 
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the abutment thus thrown up would soon be worn down ; and if it 
consisted of unconsolidated matter, it would be swept away almost 
bodily. 

The effect of such currents will be greatest where they are 
deflected by a continent or island. Thus, a marine current sets 
from near New Holland in a direct line to the north of the island 
of Madagascar, where it is arrested by the African coast, and 
deflected into the narrow Mozambique channel, and there acquires 
a velocity of four or five miles an hour. It is impossible that any 
kind of rock should receive the constant force of such a body of 
water without being rapidly worn away ; and, if there should he 
any difference of texture in this rocky barrier, the softer portions 
would yield the most rapidly, and thus valleys might be formed. 

It is not improbable that the deep indentation on the western 
coast of Africa may have been due, in a great measure, to the coast 
current from the Cape of Good Hope ; and that the Caribbean Sea 
and the Gulf of Mexico may have been excavated by the force of 
the Atlantic equatorial current being thrown into this angle. 

We may regard these currents as oceanic rivers; and it is obvi- 
ous that the volume of the terrestrial rivers would bear no com- 
parison with that of these currents, and their effects would be 
equally small in the comparison. The Gulf Stream, and the 
Mozambique and other similar currents, must be wearing down the 
valleys through which they flow, to such an extent as to furnish 
an immense amount of detrital matter for the formation of new 
rocks. 

It is principally to the agency of these deep marine currents 
that we are to refer those extensive denudations, so abundant on 
the present continents, such as the wearing out of the inter- 
mediate masses of rock between the hills already referred to 
(Fig. 66), the denudation of the Connecticut river sandstone, and, 
perhaps, the excavations which have formed Lake Erie and Lake 
Ontario. 

II. The Transportation of Sediment. 

The detrital matter obtained in these several ways is swept 
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away by running water. The specific gravity of rocks does not, 
in general, exceed two and a half. Hence, to keep them suspended 
in water, will require a force of only three-fifths of what would be 
necessary to suspend them in the atmosphere. In the case of river 
currents, the velocity and irregularity of motion are generally 
sufficient to keep all the finer sediment equally distributed. 
* There will, however, be a division of the sediment according to 
the strength of the currrent. Hence, the bed of a mountain 
stream, if there is any loose material, always consists of pebbles. 
As it approaches the alluvial region, the bed is sandy ; and when 
the current becomes very sluggish, it consists of a fine mud. 

Rivers never deposit all their sediment, some of them none of it, 
along their course. Large rivers continue partially distinct from 
the ocean water to a considerable distance beyond their mouths. 
The waters of the Amazon have been recognized at a distance of 
three hundred miles. This depends in part upon the volume and 
velocity of the river ; more, however, upon the fact that river water 
is lighter than sea water. This extension of a river will, in most 
cases, be sufficient to deliver a part of its sediment into a marine 
current. When such a current sweeps very near the mouth of a 
river, as it does to that of the Niger, the Amazon, or the Missis- 
sippi, it is probable that most of its sediment is carried away by it. 

The transporting power of a marine current is greater than 
that of a. river, in consequence of the greater specific gravity of its 
water ; but it has scarcely any of that irregular motion of rapid 
rivers, upon which their transporting power in a great degree 
depends. The force of the current alone, when it reaches the 
bottom, is, however, sufficient to remove every form of loose earthy 
matter. Thus it may be presumed that the Gulf Stream sweeps 
all the sediment from its bed until it reaches the latitude of Cape 
Hatteras, where the cold waters from the north begin to underlie 
it, and it takes the character of a surface stream. - 

But the transporting power of marine currents depends mostly 
upon the depth of water. It is found, by experiment, that ordinary 
river sediment will sink in water about one foot in an hour. A 
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current, therefore, of a thousand feet in depth, which moves a mile 
in an hour, would carry its sediment a thousand miles. It is obvi- 
ous, then, that there is no part of the bed of the sea which may not 
be receiving sediment. 

III. The Deposition of Sediment, 

From what has been said of the weight of sediment, it follows 
that it will be deposited whenever the water in which it is 
suspended is at rest. Hence, when a river increases in breadth so 
as to form a lake, the waters at the outlet are seldom turbid. The 
earthy matters with which the principal and tributary streams 
were charged all settle to the bottom, and go to lessen the capacity 
of the reservoir. Thus lakes are continually diminishing in depth 
and area. In many instances, they are already filled with sediment, 
and are thus converted into alluvial plains, through which the 
river flows in a narrow channel. 

It is frequently the case that a river, as it approaches the sea, 
has so slow a motion that its sediment is deposited on the bed of 
the stream. Thus the bed will be raised, and the banks will also 
be raised, by the deposition of sediment upon them at periods of 
overflow. The river will then be raised above the adjacent coun- 
try. The river Po, for the last part of its course, is from ten to 
twenty feet above the adjacent lands. The same is true of the 
Mississippi, and many other rivers. The streets of New Orleans 
are several feet below the surface of the river. In an uninhabited 
country, such a river would soon seek a new and lower channel ; but 
in a populous country, it becomes a matter of interest and safety to 
confine the river in its old channel, by artificial embankments. 

But the principal part of the sediment of. rivers is conveyed to 
the. sea. It here mingles with the debris which the waves have 
furnished, and a part of it is deposited to form deltas. The 
remaining part is taken up by marine currents, mingled with the 
debris which they have furnished, and is spread out on the bed of 
the ocean. 

Of the extent of these deposits we can form no estimate. Those 
of rivers and lakes are comparatively unimportant, as they are in 

10* 
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the older formations. Some of the delta deposits are already of 
great extent. That of the Ganges contains an area of twenty-six 
thousand square miles, that of the Niger twenty-five thousand, and 
that of the Nile twelve thousand. The delta of the Rhone has 
increased its area by three hundred square miles in the last thou- 
sand years. The Po has encroached upon the Adriatic two thou- 
sand square miles in the last two thousand years, and the Missis- 
sippi has enlarged its delta by one hundred square miles in the last 
hundred years. In the deep valleys of the ocean accumulations 
may be taking place on as large a scale as they ever have been in 
former times. 

IY. Character of the Formations thus produced. , 
Sedimentary matter thus deposited would take the form of 
strata. Thus, a delta deposit may receive at one time from a 
river a layer of coarse gravel and pebbles, and in the course of a 
few hours the current may be so reduced that it will convey to 
the same place only fine sand and silt. Or, if a depositing current 
receive- its sediment only at intervals, the heaviest particles would 
be thrown down first, and the more finely levigated particles would 
continue to fall, till the water became transparent. Another supply 
would furnish another similar stratum, and so on. The same 
arrangement might result from the sediment being furnished by 
different rivers. Thus, if sediment were furnished to the Gulf 
Stream by the Merrimao river, and the streams emptying into the 
Bay of Fundy, the freshets would occur earlier in the season in 
the Merrimac, and it would furnish a supply of sediment from a 
region of primary rocks. A later supply would come from the red 
sandstone region of Nova Scotia, and the stratification would be 
indicated by the different kinds of rock produced. Thus stratifica- 
tion will result from difference in the color, composition, or size of 
the particles of which rocks consist. A great variety of causes, 
both general and local, may therefore give to a deposit this char- 
acter. Hence, as stratified rocks are produced by the sediment now 
laid down from water, we may conclude that the older stratified 
rocks are the sediment deposited in like manner, in former times. 
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The occurrence of layers of different composition, as one way in 
which the stratification is indicated, is produced by local and fre- 
quently recurring causes. There are, however, other alternations 
of much greater extent ; those, for example, nearly twenty in num- 
ber, distinguished by striking differences in lithological character, 
into which the New York system of rocks is divided. These 
alternations have resulted from more general causes. The physical 
geography of a wide region must have been so different, at the 
different periods during which these several formations were 
deposited, as to change, at each period, the kind of sediment fur- 
nishedjto the forming currents, and modify the types of animal life. 

We have seen that the same causes that determined the strati- 
fied arrangement will determine the alternations of strata of coarse 
and fine materials. 

It is obvious that the stratification of the marine deposits will be 
nearly horizontal. If the surface were very irregular upon which 
the deposition commenced, the irregularity would constantly dimin- 
ish ; for the movement of the water over this surface, however slow, 
would tend to remove the accumulations from the highest points, 
and leave them at the lowest (Fig. 75). Delta and lake deposits 
will, however, dip somewhat, though Kg. 75. 

never at a high angle, towards the 
deep water. In certain situations, 
where a river and a tidal wave, com- 
ing in conflict, cause, in succession, eddies and currents in opposite 
directions, we should expect to find the stratification very irregular 
(Fig. 76) ; sometimes false stratifications (a b), sometimes the strata 
cut off abruptly, and at other times contorted or dipping in opposite 
directions within short distances. 

Wherever sediment is deposited, it will entomb whatever of the 
remains of animal or vegetable life may be mingled with it. They 
will be at once protected against the influence of all the ordinary 
decomposing agencies, and will continue for ages to retain their 
peculiar markings, and even their colors. They will thus constitute, 
in all future time, a record of the present condition of the organic 




116 



AQUS0US CAUSES. 



world. The lacustrine deposits can contain only fresh-water species 
of animals, marine deposits only marine animals, while deltas may 
contain the remains of marine life mingled with those which have 

Fig. 76. 




been washed down by rivers. The remains of birds, insects, and 
terrestrial animals, may occasionally occur, in every kind of deposit. 
Sediment deposited in deep water will never contain fossils in 
abundance, the deep parts of the ocean being almost wholly desti- 
tute of animal or vegetable life. It is only in water of a few 
fathoms that the greater number of species and of individuals 
occur. In all these particulars the deposits now forming sustain a 
close resemblance to the older formations. 

'There are certain formations, as that of the coal, which required 
conditions for their formation different from those of ordinary 
sedimentary deposits. Coal consists of mineralized vegetable mat- 
ter. Its vegetable origin is proved by the uniform occurrence of 
vegetable fossils almost exclusively in the coal measures. When 
reduced to thin slices and examined under a high magnifying 
power, a structure very similar to the ligneous tissue of existing 
coniferao is sometimes found to exist. There are probably vegeta- 



AQUB0U8 CAUSES. 117 

ble deposits now taking place not altogether unlike those which 
produced the coal measures. 

We know that many rivers — the Mississippi, for example — now 
carry into the sea great quantities of ligneous matter. Before the 
country was inhabited by man, the quantity was undoubtedly much 
greater than it now is. It floats for a time ; but the ligneous tissue 
itself is heavier than water, and as soon as the air is excluded from 
the pores, and they are filled with water, it will sink. The woody 
and earthy matters are swept into the sea together ; but, as they 
sink under different circumstances, they will be deposited separately. 
Thus wood may continue to accumulate in particular places in 
the sea for long periods, with but little intermixture of earthy 
substances. 

It is, however, to be expected that, in the progress of geological 
changes, the places which at one time receive deposits of wood will 
at another receive detrital matter, and thus the wood will become 
deeply buried beneath sedimentary strata. 

Wood thus situated will become converted into coal. Trees 
which had been covered to considerable depth with earth have 
been found near the Mississippi river changed to lignite, a sub- 
stance resembling charcoal. In this case, the wood had been 
exposed to no greater heat than is common to the crust of the 
earth at the depth where it was found ; and yet it had under- 
gone this change since the country has been known to Europeans, 
as it retained the marks of the axe when it was discovered. It 
has also been found by experiment that vegetable matter, by long 
submersion in water, passes into the state of lignite. This is the 
first step in the conversion of wood into mineral coal. 

When lignite is exposed to moderate heat and great pressure, it 
loses the characters of lignite, and becomes mineral coal. This 
is shown by facts observed in Germany, Ireland' and Iceland, where 
beds of lignite have been overspread by basalt. The upper por- 
tions of the lignite are changed to mineral coal. The lower por- 
tions, which the heat did not reach, retain the characters of 
lignite. 
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Beds of vegetable matter, with a great thickness of rock depos- 
ited above them, would therefore be subject to all the conditions 
necessary to convert them into coal; namely, pressure from the 
superincumbent . mass, and the heat which the strata uniformly 
assume at great depths. 

It is not improbable, therefore, that coal-beds are now forming, 
and that they have been formed at every geological period since 
an abundant terrestrial vegetation commenced. - Accordingly, there 
occurs in Virginia an extensive coal-field in the oolite formation. 
Coal-fields also occur in England, of less extent, in the same form- 
ation. In France, and other parts of Europe, there are extensive 
beds of lignite in the tertiary formation. 

We have therefore no difficulty in accounting, in a general way, 
for the formations of the carboniferous period. The vegetables 
were probably less woody than those of the present time of equal 
sire, and were therefore more easily prostrated and committed to 
the waters. They grew rapidly in moist ground, and perhaps in 
shoal-water, and required an atmosphere charged with moisture 
and of a high temperature. Thus much is inferred from the con- 
ditions most favorable for the growth of recent species analogous to 
the coal-plants. These recent species are tropical plants, and grow 
in moist insular situations, — conditions which would have existed 
at the carboniferous period, if the present coal-fields were then* an 
archipelago dotted with low islands. 

Such being regarded as the origin of the coal-beds, the altema- 
tiotu of the earthy and carbonaceous strata may be referred, pro- 
visionally, to those great changes in physical geography upon which 
the other alternations of strata on a large scale depend. But the 
regularity with which the coal-seams and sandstone succeed each 
other presents some difficulties which, in the present state of knowl- 
edge, we cannot satisfactorily account for. 

Beds of salt occur, interstratified with other rocks, in nearly all 
countries. Still, it is not a sedimentary deposit, and its formation 
must depend upon peculiar circumstances. In New York, saline, 
together with earthy matter, constitutes the Onondaga limestone, 
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one of the formations of the New York system. In Kentucky, the 
strata of rock-salt are in the coal formation ; in England, they are 
in the new red sandstone ; in Spain, they are in the greensand, and 
m Poland they are in tertiary strata. The conditions of its form- 
ation have therefore existed in connection with the deposition of 
every fossiliferous rock. 

It has been shown that the ocean is the principal reservoir of 
the saline matters which are taken up whenever water percolates 
through rocks. It must happen not unfrequently, in the course of 
submarine elevations, that a basin of sea-water will be cut off from 
its communication with the sea ; and from this basin the evapora- 
tion might be more rapid than the supply of water. The great 
salt-lake of Utah is undoubtedly a basin of this kind. The Med- 
iterranean Sea is another such basin, not yet wholly separated from 
the ocean. The evaporation exceeds the supply of water from the 
rivers, and a powerful stream is therefore continually thrown in 
from the ocean, through the Strait of Gibraltar. TheVaters of the 
Mediterranean are already more highly charged with salt than 
ordinary sea-water. This sea may ultimately become a saturated 
solution, and begin to deposit salt. But whether it does, or not, it 
indicates the- way in which salt-beds may be formed. 

Y. Solidification of Aqueous Deposits. 

Sediment is generally deposited as a soft mud, but in nearly'all 
the older formations it has become solidified. When rocks are 
deposited from a chemical solution, they take at once the solid 
form. Such is the case with rock-salt and with limestone, when 
the material has been held in solution. Solidification takes place 
in nearly the same way when water which holds carbonate of lime 
or oxide of iron in solution filters through beds of sand or gravel. 
The substance held in solution is deposited in the interstices till 
they become filled, and the whole is changed to solid rock. 

Some rocks are composed of such materials that they set, like 
hydraulic cement, when they are deposited. Other rocks become 
solid simply by drying. Thus a deposit now forming in Lake 
Superior becomes, by drying, nearly as hard as granite. Such a 
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deposit will therefore become solid whenever it shall be elevated 
above the water. 

The pressure to which all bat the upper layers are subjected is 
probably sufficient to reduce most rocks to the solid state. Dry 
and pulverized clay is reduced by artificial pressure, for a moment, 
almost to stone. The pressure upon the deep-seated rocks is con- 
stant, and greater than any artificial pressure can be. 

In addition to these causes, all the older rocks have been sub- 
jected to a high temperature, some of them nearly to that of 
fusion. By this means the solidification of every kind of rock 
would be promoted, and probably some may have been reduced by 
it to the solid state, which would otherwise have remained as an 
incoherent mass. 



SECTION V. — AQUBO-GLACIAL ACTION. 

1. Glaciers. — A glacier is a mass of ice occupying the bed 
of a mountain valley, having a slow progressive motion, and 
reaching somewhat lower in the valley than the line of constant 
snow. (Fig. 77.) The Glacier des Bois, which may be regarded 
as a specimen of the Alpine glaciers, covers an area of about seven- 
teen square miles. In its lowest portion, when all its branches 
nave become united into one stream, it has an average width of 
half a mile, and is five miles long. It is estimated that the gla- 
ciers of the Alps cover an area of fourteen hundred square miles. 
These have been the most carefully studied, though glaciers are 
found in the valleys of various other ranges of mountains. 

In the higher valleys, the snow, which falls at all seasons of the 
year, accumulates in immense quantities, and the steep mountain 
sides contribute, by frequent avalanches, to this accumulation. The 
snow, when thus increased, does not become a compact, adhesive 
mass ; but, changing into particles of solid ice, it resembles sand 
rather than snow. It is this nivS which constitutes the upper part 
of every glacier, and which, in a modified form, constitutes the 
lower part. 
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The valleys descend rapidly towards the base of the mountains; 
and this snow-ice, having no cohesion between its particles, moves 
slowly down the slope of the valley, like a very imperfect liquid. 
After descending below the line of perpetual snow, the surface 
will melt during the day ; and the water, sinking into the porous 
mass, becomes frozen, and converts the whole into more or less 
compact ice, yet never into a rigid mass. Influenced by its own 
weight, and by the pressure of the snow-ice behind, it still contin- 
ues its motion, and conforms itself to the shape and curves of the 
valley through which it passes. The average movement per annum 
may be stated at about five hundred feet 

The temperature of the rocky bed of the valley will be a little, 
and but a little, higher than thirty-two degrees. There will there- 
fore be but little melting at the bed of this river of ice. As it 
receives continual accessions from the atmosphere, it will there- 
fore increase in volume till it descends to the level of perpetual 
snow. Below this line the waste exceeds the addition; and as it 
approaches the lower and cultivated portions of the valley, it rap- 
idly diminishes, till it finally loses the solid form, and becomes a 
rivulet. The terminus of the glacier is determined principally by 
the general climate of the country. Any considerable variation 
of climate will cause it to recede, or descend lower down the val- 
ley. The terminus varies, however, somewhat with the seasons, 
being lower in winter than in summer, though the motion is much 
less in the cold season than in the warm ; and it descends many 
rods further some seasons than it does others. 

The glacier consists principally of snow, more or less modified in 
structure ; but it also contains whatever else may have been thrown 
upon its surface, or into the snows by which it is fed. Tributary 
glaciers extend up through all the gorges into which the irregular 
surface of the mountain-top is divided. On these rough peaks 
there are always fragments of rock, varying in size from fine sand 
to masses weighing many tons; some of them loosened when the 
mountain was upheaved, some by subsequent earthquake vibra- 
tions, and others still by tempests, lightnings, and changes of . 
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temperature. ffnen the snow has accumulated to a certain 
extent on tiie steep slopes, it fills in avalanches into the valleys, 
earning with it loosened masses of rock, and often breaking off 
large fragments from the rooky escarpments against which it 
strikes. These avalanohes are almost constantly descending, and 
hence a glacier always contains considerable earthy matter distrib- 
uted through it. 

ng.T7. 




The friction of the glacier, at its edges and along its bed, sep- 
arates more or less of the rock over which it moves; and hence 
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there is always a layer of mad and pebbles under the glacier, and 
s line of loose fragments, called a lateral moraine, at the sides. 
When two glaciers unite, the two lateral moraines, thus brought 
together, come to the surface, forming a medial moraine, and show 
the line of junction sometimes for miles. 

The friction of the glacier bn the bed of rock, assisted by the 
layer of pebbles, will wear down the prominent portions, and 
everywhere polish the surface. Fragments of rocks may be frozen 
into the glacier at all depths. Those which lie near the lower sur- 
face of the glacier would, by slight melting of that surface, project 
downward so as to act as a graver's tool on the rock over which it 
passes. Hence, when the extremity of the glacier has receded 
beyond its ordinary limit, the surface of rock exposed is found, 
upon examination, to be polished, striated, and occasionally grooved 
an inch or two deep. 

Since the waste is almost wholly superficial, earthy matter, which 
was at first concealed in the mass of the glacier, is continually com- 
ing to view, as the surface melts and runs off. Thus, none of the 
freight of the glacier is left along its course, but all is carried to 
its terminus and discharged there. Hence, at the lower extremity 
of the glacier there is always an embankment of earth, pebbles, 
and boulders. If the glacier recedes a few yards at one season of 
the year, and leaves its earthy fragments scattered over this surface, 
they will be pushed forward into a ridge, as the glacier again 
advances. This ridge is called a terminal moraine, and consists 
wholly of substances which have been separated from the mountain 
mass, often at the highest beginnings of the glacier. At the ter- 
minus of all the Alpine glaciers, there is a series of these moraines 
(a a a, Fig. 77) marking the successive limits of the glacier in 
former times. 

There is a ridge of boulders on the north side of the Swiss val- 
ley, near the base of the Jura Mountains, resembling a terminal 
moraine. These boulders consist of several groups, distinguished 
by peculiarities of structure and composition ; and each group lies 
opposite to the particular Alpine valley which now furnishes the ' 
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same kind of fragments. It has been thought that, at a former 
period of more severe climate, the Swiss valley was filled in part 
with ice, and that the present glaciers extended across it to the 
Jura Mountains. . 

It is found that the polished and striated surfaces of the rocks 
in the Alpine valleys are precisely like the surface of the rock, 
which has not been exposed to atmospheric influences, in the 
north of Europe and America. It has been proposed to extend 
the glacier theory, and account for these phenomena by supposing 
that the north polar regions were, at the ice period, capped with 
a glacier-mass, extending as far south as the drift phenomena 
appear. 

It is not to be doubted that the phenomena of polished surfaces 
and transported materials in the immediate vicinity of the Alps, 
and near other high mountains, are correctly referred to glacial 
action. This theory has therefore solved, in part, one of the most 
difficult problems in geology; but there is great difficulty in 
extending it so as to account for the drift phenomena in general. 
If the motion depends upon gravitation only, the origin must have 
a much greater elevation than the terminus, which would not be 
the case in the great glacier supposed to extend southward from 
the Arctic regions. Elevation of temperature, it has been thought, 
might account for the movement of the mass southward. 

2. Icebergs. — In very high latitudes, the ice, which makes out 
from the land into the sea during the cold season, suffers but little 
waste at any time. This sheet of ice continues to increase in 
breadth and thickness, by congelation, from year to year. The 
spray and the snows of each succeeding year will also add to the 
mass. It thus accumulates to the height of several hundred 
yards. It will also reach down a good many feet below the surface 
of the sea, and will extend back on the land, or lie heaped up 
against a precipitous escarpment, and firmly frozen to it. 
• After a certain amount of extension over the sea, the accumu- 
lated weight of the ice and snow would tend to depress it, and 
break it loose from the shore. The waves would tend to the same 
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result, and would act at greater mechanical advantage, as its exten- 
sion from the shore becomes greater. Hence, it would ultimately 
become separated from tie shore, and float in the water. 

At its commencement, the earth, pebbles and rooks, which may 
lie along the shore, and as far down into the sea as the congela- 
tion extends, are frozen into it. In many situations its man would 
be increased by avalanches while it remained attached to' the land, 
and these would supply also masses of earth and recks, as they do to 
glaciers. When it becomes loosened from the shore, it will break 
off, and cany with it some of the earthy portions of the coast, or 
the less firmly fixed masses of rock from the escarpment against 
which it formed. Thus every iceberg becomes freighted, more 
or less, loith earth and rocks. This has almost uniformly been 
found to be the case, when they have been landed upon by ships* 
crews and examined. 

We have seen that the general tendency of the waters of the 
ocean, and of the lower stratum of the atmosphere, is to a motion 
from the poles towards the equator. However irregular, there- 
fore, the course of an iceberg may be, its general movement, influ- 
enced both by the prevailing winds and by ocean currents, will be 
towards the equator. 

These floating ice-mountains (Fig. 78) are formed in great num- 
Kg. 78. 




bers, and of tost size. The relative specific gravity of ice and 
water are such that nine cubic feet of ice, below the surface of 
11* 
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water, will support one cubic foot above it. As icebergs are often 
one or two hundred feet high, their vertical depth must be a thou- 
sand feet at least ; and their area is equal to a square mile, and 
sometimes it is much greater. In 1840, the United States Explor- 
ing Expedition, in the extreme southern ocean, coasted for eighty 
miles along a single iceberg. They are raver absent from the 
polar seas ; and at certain seasons they are so abundant along the 
usual course of vessels from New York to Liverpool, as greatly 
to obstruct and endanger navigation. 

An iceberg may continue for some time to increase in size, while 
floating in the polar seas, but will at length reach a latitude where 
the waste will exceed the additions, in consequence of the tempera- 
ture both of the air and of the water. It will, therefore, drop 
gradually the earthy matters which it contains, upon the bed of 
the ocean. 

It is not improbable that icebergs may often reach down so far 
as to strike the highest points of the bed of the sea. The ice 
would be lifted, and glide over the elevation, without suffering any 
perceptible deviation from its general course. It would thus affect 
the surface of rocks exactly like a glacier. If, however, the ice- 
berg becomes permanently stranded, and melts in one place, its 
earthy matters will be thrown down upon the elevation which first 
arrested it. 

If the bed of the sea, between the fortieth and sixtieth degrees 
of latitude, could be exposed for examination, the rocky surface 
would be found to be polished and striated by the icebergs which 
have passed over it, and the whole surface would be strewed with 
boulders and drifted materials brought from Arctic and Antarctic 
lands. Sometimes it would be accumulated in heaps, and some- 
times spread nearly over the surface. 

We have seen that very recently, probably about the close of the 
tertiary period, the portion of Europe and America over which the 
northern drift is found, has been depressed several hundred feet. 
It may be presumed that at that time icebergs floated over it, pol- 
ished the surface of the rocks, and distributed the boulders and 
other drift which is now found upon it. - 
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SECTION VI. — IGNEOUS CAUSES. 

I. Of the Temperature of the Mass of the Earth. — Heat has 
been the most efficient agent in determining and modifying the 
structure of the earth ; and, in order that the explanations of the 
phenomena referable to this cause may be intelligible, some idea 
must be formed of the actual present condition of the mass of the 
earth with respect to heat. 

At any point of the surface there are variations of temperature, 
depending oh external causes. But these variations are found to 
extend only a little -way below the surface, i— never more than a 
hundred feet. At greater depths, it is found that the temperature 
invariably increases with the depth. Deep mines have always a 
temperature above the mean annual temperature at the surface. 
The water obtained by deep boring is always tepid when it comes 
to the surface. The thermal springs, so abundant in this country 
and in Europe, are so situated as to justify the impression that 
their waters come from great depths. To make these general 
observations of any value, we must determine the law by which 
the temperature increases. The result of all the observations yet 
made, in mines and upon wells and springs, is that, below the first 
hundred feet, the temperature increases by one degree of Fahren- 
heit's scale for every forty-five feet. 

Regarding this law of increment as applicable to all depths, at 
ten miles below the surface we should have a temperature above 
that produced by the combustion of wood; and at twenty-five 
miles, a temperature of three 'thousand degrees, by which nearly 
all mineral substances would be reduced to a state of fusion. 

The general conclusion of a temperature sufficient to melt the 
mineral substances of which rocks are composed, at no considerable 
distance below the surface, is confirmed by the fact that portions of 
the interior of the earth — at least, at the volcanic centres — are in 
a melted state. The intimate connection between some volcanoes 
situated a hundred miles or more apart, so that they are alternately 
in a state of activity and rest, indicates that these centres are con- 
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nected, — that subterranean melted lava extends from one to the 
other, so that when one is active, the elastic force is relieved at 
the other. These deep-seated lakes of lava must therefbre under- 
lie large areas. 

We are justified, then, in concluding that the mass of the earth, 
witji the exception of a comparatively thin superficial layer, has a 
very high temperature. 

By way of accounting for this temperature, it is now generally 
assumed that the earth was originally in a state of fusion ; that it 
was a mass of liquid lava (if, indeed, it had not a temperature suf- 
ficient to reduce it to the aeriform state). Starting with this 
assumption/ there must necessarily be a gradual reduction of tem- 
perature by radiation, and a time must arrive when the surface 
would be crusted over with solidified lava : and this crust would 
increase in thickness as the cooling advanced, the interior still 
retaining its heat and liquidity. The present condition of the crust 
of the earth, its form, that of an oblate spheroid, with the exact 
difference of the equatorial and polar diameters which is found to 
exist, as well as the phenomena of volcanic eruptions, will all 
admit of explanation on this hypothesis. 

It has, however, been rejected by some ; and, to account for the 
heat of the interior of the earth, it is suggested that, if the bases 
of the earths and alkalies, particularly potassium, sodium and cal- 
cium, exist in their metallic state beneath the surface, the. rapid 
oxidation of them by the access of water would generate heat of 
sufficient intensity to melt the oxidized materials, and thus account 
for the phenomena attributable to heat. 

Either of these hypotheses may be adopted ; but it is not neces- 
sary to account at all for the existence of this temperature. The 
fact is susceptible of proof; and, though we may not be able to 
frame any hypothesis to account for its existence, we may yet 
employ the fact in the explanation of other phenomena. 

II. The Action of Internal Heat in producing Volcanoes. 

The phenomena of volcanoes and earthquakes are evidently pro- 
duced by some force operating from below. The effect of heat 
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alone would be to reduce the rock to a liquid state. There is no 
reason to suppose that it is ever sufficient to reduce them to the 
aeriform state. The elastic force must therefore depend upon 
some other substance associated with the lava, and this substance 
is water. 

This will be shown bj an examination of lavas. At the time 
of their ejection, they are in a fluid or semi-fluid state; bat it is not 
a complete fusion. Even the most fluid lavas contain particles of 
minerals in a solid state. The liquidity depends upon the fusion 
of the more fusible portions, and upon the steam of water at a 
high temperature, which fills the interstices between the solid par- 
ticles. The porous character of cooled lavas is produced by the 
steam which filled the cavities previous to solidification. Steam 
always escapes from the surface of a lava current while it is cool- 
ing, and A it is always discharged in immense volumes from the 
orifice of eruption, in connection with the lava,* and especially at 
the close of an eruption. 

The geographical position of volcanoes, also, leads to the con- 
clusion that water is essential to their activity. There are five 
principal lines of volcanic activity. One, commencing at the 
southern extremity of South America, extends northward along 
the Andes and Cordilleras to California or Oregon. The second 
has a north-east and south-west direction, from the Aleutian 
Islands through the Kurule, Japanese, and Philippine islands, 
till it meets the third line, lying in a nearly east and west direction, 
embracing Sumatra, Java, and most of the Pacific volcanic islands. 
A fourth band commences in the Grecian islands, and extends 
westward so as to include the volcanoes of Italy and the adjacent 
islands, and the Azores. The fifth band embraces the volcanic 
islands of the West Indies, crosses Mexico in about the latitude 
of the city of Mexico, and extends into the Pacific. There are 
also some isolated centres of volcanic activity, such as Iceland. 
These volcanic bands embrace about three hundred volcanoes. It 
will be seen that they must nearly all be in close proximity to the 
ocean, or to large seas. About two-thirds of them are on islands. 
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Moreover, the volcanic vents which are wholly submarine are 
probably very numerous. 4 

This circumstance of the position of volcanoes establishes a pre- 
sumption that they cannot- exist at a distance from some large 
body of water ; and, taking it in connection with the constant 
presence of aqueous vapor in lava, we are justified in the conclu- 
sion that the presence of water is an essential condition of volcanic 
activity. 

Knowing that heat and water exist at the volcanic centres, it is 
not difficult to form an idea of their mode of operation. The 
water, diffused through the interstices of the lava, and subjected to 
a temperature sufficient to melt the lava, would possess an elastic 
power, which, though never computed, we may well suppose capa- 
ble of overcoming any resistance which the crust of the earth 
might present. The repressing force will be the tenacity and 
weight of the superincumbent strata. Whenever the elasticity is 
superior to this repressing force, it will manifest itself in the frac- 
ture of the strata, and often in the ejection of lava to the surface. 

This fracturing of the strata, produced by an uplifting subter- 
ranean force, is believed to be the cause of the noise and the vibra- 
tory motion which are the chief phenomena of earthquakes. The 
elastic force may raise lava to the surface, and thus the fracture 
would become a volcano. But the force may expend itself by the 
discharge of vapor into the fissure, or by merely filling it with 
lava. In either case, the only evidence of the existence of the 
volcanic force would be the noise and the wave-like motion expe- 
rienced at the surface. The cause of the volcano and earthquake 
is therefore the same, though the phenomena which characterize 
them are different. 

When the strata are is thus fractured, lava may for a time be 
discharged along the whole line. By the cooling of lava in the 
fracture, it would become partially reunited. Still, this would 
be the line of least iasistance. It would therefore be again burst 
through in certain places, which would long continue to be orifices 
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of discharge, and thus the original fracture would determine a line 
of volcanic activity. 

The repressing force may become greater at an orifice of erup- 
tion than at some other point, either by the great accumulation of 
ejected materials around the opening, or by the dormancy of the 
volcano long enough for the complete solidification of the lava 
with which the channel was filled. The least resistance may then 
be far from any previous vent, when a new orifice of discharge 
will be opened, and a new volcano make its appearance. It 
seems probable, also, that volcanoes may become extinct by the 
reduction of temperature at the volcanic centre, and that new vol- 
canic centres may be formed; but the cause of this change of tem-- 
perature is not yet well understood* New volcanoes have broken 
out in the sea, near Iceland, in several instances ; others in the 
volcanic line east of Asia. Graham Island, situated between Sic- 
ily and Africa, was formed by an eruption which broke out in the 
bed of the sea where the soundings were more than one hundred 
fathoms. The island was at one time two hundred feet above the 
sea, and three miles in circumference. It was, however, gradually 
destroyed by the action of the waves, and now remains a danger- 
ous reef, covered by less than two fathoms water. The volcano 
of Jorullo, in Mexico, was formed in this way. Previous to the 
formation of the mountain, the region where it now is was a culti- 
vated table-land. During the year 1759 volcanic action com- 
menced and continued, until, at the expiration of twelve months, a 
cone had been formed having an elevation of sixteen hundred feet 
above the adjacent plain. ' 

An orifice of eruption is at first but little elevated above the 
general surface; but, by the accumulation of ejected matter, a cone 
is at length formed around the vent. The upper portion of a cone 
always consists of these materials, but there may also be in pro- 
gress a general elevation of that part of the earth's crust, and the 
cone will partake of that general elevation. The cones of the 
Andes owe their height, in a great measure, to a general movement 
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of deration ; those of iEtna and Vesuvius, in a greater degree, to 
accumulation of ejected matter. 

In either way, the height may become so great that the force 
necessary to raise a column of lava to the top would be greater 
than the sides of the cone, weakened as they always are by frac- 
tures in all directions, can sustain. Hence, the highest craters of 
Mtaa. and South America have long been closed, and the lava 
escapes through fissures at a lower level, and lateral cones are 
produced. 

The form which the materials have, when ejected from volca- 
noes, depends mainly upon the degree of liquidity of the lavas at 
the volcanic foci. If the liquidity is very perfect, the aqueous 
vapor will readily rise through the lava. The steam thus sepa- 
rated will drive before it whatever rocks, or previous lavas, may 
obstruct it. In their progress they would be reduced to sand and 
powder, and ejected as volcanic cinders. (Fig. 79.) If the lava 

Fig. 79. 




possess considerable viscidity, the aqueous vapor will separate with 
more difficulty, and the lava and vapor will ascend the channel 
together. Large bubbles of vapor will, however, collect with 
more or leas of frequency; and, as they rise through the lava, 
will drive forward a portion of it, and cause the overflow to take 
place by pulsations. As the bubbles reach the surface, their burst- 
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iiig causes the loud reports, which are compared to the discharge 
of heavy artillery. With each explosion some of the lava will be 
projected violently into the air, and, cooling, will fall to the sur- 
face as scoria, — or, if the lava be highly vitreous, it will be 
drawn out into fibres, and descend as volcctnic glass. 

III. Geological Phenomena referable to Volcanic Action. 

Volcanic agency has probably never been less than it is now, and 
we ought therefore to find its effects very general and important. 

1. The most obvious of these effects are the fractures with 
which the crust of the earth is everywhere intersected. The 
uplifting force upon which all volcanic phenomena depend would 
necessarily fracture the crust, and the wave-like motion resulting 
from the fracture would eause numerous secondary fractures, hay- 
ing a parallel direction. They are often of such extent, during 
earthquakes, as to endanger life. During the great earthquake at 
Lisbon, in 1755, a fracture opened of sufficient width to swallow 
up the quay, and several thousands of persons who had fled there 
for safety. The chasm remained permanently open to the depth 
of six hundred feet. The earthquakes with which the valley of 
the Mississippi was visited in 1811 so often fissured the surface, 
that the inhabitants protected themselves by clinging to the trunks 
of trees, which they felled transversely to the direction of the 
fissures. 

The first fracture which is produced by the upheaving force will 
open upwards, and scarcely reach down to the seat of the force. 
But there will be other parallel fractures, dependent upon the first, 
and opening downward. Thus, the primary fracture at a (Fig. 80) 
will be at once followed by the fracture j^ so, 

by opening toward the lava, which will 
be injected into it, and which, on cool- 
ing, will form a dike. Their forma- 
tion is mostly concealed from observa- 
tion, but not always. During the eruption of JEtna, in 1669, 
numerous fissures opened, one of which was six feet wide and 
twelve miles in length ; and the light emitted from it indicated 
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that it was filled with lava to war the surface. The process ma 
as perfectly seen as from the nature of the case it could be. 

2. The conversion of the lower sedimentary strata into meta- 
morphic rock* has been effected by volcanic heat. The material 
of which dikes consist has been injected in a highly-heated state ; 
anil, by observing the effect which they have had upon the adjacent 
rocks, we may judge of the effect which subterranean heat must 
have upon the lower mechanical strata. Wherever the dikes are 
of considerable thickness, they have converted the adjacent shales 
into primary slate, the sandstones into quarts rook, and the dark 
and friable limestones into granular marble, and destroyed the 
organic impressions. In the southern extremity of Norway there 
is a district, in which granite protrudes in a large mass through 
fossiliferous strata. These strata are invariably altered to a dis- 
tance of from fifty to four hundred yards from the granite. The 
shales have become flinty, and resemble jasper; and near the 
granite they contain hornblende. The siliceous matter of the 
shales has become quartz rook, which sometimes contains horn- 
blende and mica, and therefore constitutes a kind of granite. The 
limestone, which at points remote from the injected rook is an 
earthy, blue, coralline limestone, has become a white, granular 
marble, near the granite, and the corals are obliterated. The 
altered shales and limestones in' many places contain garnets, ores 
Fig. Bl. 




of iron, lead, Ac The annexed (Fig. 81) is a plan of this granite 
and altered rock. 



IGUBOTO CAUSES. 185 

1 

One of the most instructive examples of metamorphio action in 
this country is found in the White Mountains of New Hampshire. 
These mountains have, till recently, been thought to consist prin- 
cipally of granite; but it is now ascertained that this supposed 
granite is an altered rook of the sUnrian period. It is represented 

| as " intersected by veins of fekpathio granite ; and the general 

mass is itself in many parts converted into a near approximation 
to a binary granite, composed of distinctly developed quartz and 
white felspar, with a few sparsely scattered specks of mica. In 
its weathered surfaces it wears a close resemblance to some fine- 
grained granites; bat, upon inspecting a fresh fracture with a 
magnifier, we instantly perceive many rounded grains of quartsose 
sand, and the felspar is imperfectly formed, though the mica has 
more nearly reached the condition which it has in granite. In 
some of the coarse varieties of this white rock, small rounded peb- 
bles of quarts are to be seen, giving unequivocal evidence, even to 

! the naked eye, of ite being an altered sandstone. We feel no hes- 

j itation in deciding it to have been a silioo-argiUaoeous white sand- 

stone, now almost granitiied by extensive metamorphio action." 

Similar tiluetrations, on a small scale, may be seen in every 
country where the strata have been cut through by intrusive dikes. 
Sir James Hall has shown the same by actual experiment. He 

i exposed pulverised chalk to heat sufficient to melt it, and under 

j sufficient pressure ty> prevent the escape of the carbonic acid. 

After cooling, the chalk was found to have taken the form of crys- 
tallised limestone. But instances enough have been given to show 
what changes should be looked for wherever the sedimentary rooks 
have been exposed to a high temperature. 

| The lower strata must have been exposed, for long periods of 

time, to such a temperature. We do not know at what depth 
below the surface of the earth the rocks become liquid ; but above 
the line of actual fusion there must be a mass of rock not melted, 
yet scarcely retaining the solid form. For a great thickness, per- 
haps for several miles, it would be in a more or less yielding state. 

» As there is not actual fusion, the stratification is not destroyed, 
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bat Bach a degree of mobility among the particles exists, that some 
degree of crystallization takes place, and the elastic forces below 
easily bend, throw into folds, compress, and in every way contort 
these strata. At the same time, any organic matters which they 
may contain are decomposed, and the impressions of them are 
obliterated. And such is the condition in which the metamorphio 
Strata are actually found. 

3. Denudation is, in a great measure, dependent on volcanic 
action. It results from the billowy motion peculiar to the earth- 
quake. This is not simply a violent horizontal motion, but an 
equally violent vertical one. It is a series of waves, — a succes- 
sion of alternate elevations and depressions of the solid crust. 
The height of these waves can only be judged of by their effects; 
but it is difficult to account for some of these effects, without sup- 
posing the waves to have been several yards in height, and their 
velocity, in the few instances in which the time has- been accu- 
rately determined, was twenty miles a minute. 

That such earthquake waves actually exist there can be no doubt. 
During the earthquake in Calabria, in 1783, the flagstones in 
many of the towns were lifted from their places and thrown down 
inverted, and trees bent so that their tops touched the ground. 
During the great earthquake in Chili, in 1835, the walls of houses, 
which were parallel to the line of oscillation, were thrown down, 
while those that were at right angles to it, though greatly frac- 
tured, were often left standing. Wherever careful observations 
have been made, during and after severe earthquakes, analo- 
gous facts have been noticed. Persons are generally affected with 
sea-sickness. The sea is violently agitated. It often retires to 
an unusual distance, and then returns upon the shore with most 
destructive waves. Incredible, therefore, as it may seem, that the 
solid crust of the earth should be thrown into such wave-like undu- 
lations, the fact is well established. 

With a velocity of twenty miles an hour, the successive waves 
may be some miles apart, and yet be sufficient to account for all 
the phenomena. It is evident, therefore, that the curvature of the 
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wave will be very slight, and yet enough to break into fragments 
ail the rocks thus curved. During the earthquake in Chili, 
before referred to, " the ground was fissured, in many parts, in 
north and south lines. Some of the fi ssu r es near the dims wen a 
yard wide. Many enormous mimon had fallen on the beach. The 
effect of the vibrations on the hard primary skies was still more 
carious. The superficial parts of some narrow ridges were as 
completely shivered as if they had been blasted by gunpowder." 
Similar phenomena seem everywhere to be exhibited by earth- 
quakes. 

It may be presumed that almost all parts of the earth have, at 
different periods, been subject to these earthquake waves. Accord- 
ingly, we find that the erust of the earth is nowhere in an entire 
state, bat is divided by irregular lines into comparatively small 
fragments. By this means, the deep fissures produced by fr ac tur e s 
opening upwards would be filled with fragments of rook shattered 
from the uplifted edges. In this way the boulder masses were 
originally loosened from their parent beds, and exposed to the 
action of ice, or any other transporting agencies. In the same 
way the rocky bed of the ocean is, to a considerable depth, reduced 
to a. disintegrated - mass. In this condition it will be rapidly 
removed by marine currents, more or less broken, worn and com- 
minuted, by the movement, and deposited elsewhere. The materi- 
als have thus been furnished for a very large proportion of the 
sedimentary rocks, and especially of those which are composed of 
distinct fragments of other rocks. By this means, also, wherever 
the rook formations come to the surface, they are so broken that 
limestone, sandstone or granite, suitable for architectural purposes, 
is seldom found, except at considerable depths. This fragmentary 
condition of the surface rock is such as exposes it to be acted upon 
readily by any powerfully abrading causes; or to be more rapidly 
disintegrated by atmospheric and aqueous causes. 

4. We have already assumed that one principal division of rocks 
— the unstratified -— • is of igneous origin. We have the proof 
of actual observation, that lavas, and the accompanying tufas and 

12* 
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grits, are volcanic products. The peculiarities of these products, 
in situation, structure, and form, and in the imbedded minerals, 
are so great, that whenever we find these peculiarities in the rocks 
of a country not now volcanic, we still regard these rocks as of 
volcanic origin. We thus have lavas, as well as stratified rocks, 
of different ages. There has probably been no time in the earth's 
history when they have not been forming. 

The trappean rocks are also of igneous origin. It is evident, 
from their occurring in the form of dikes, that they have been in 
a melted state. As they rest upon rocks of a sedimentary origin, 
they must have been thrown up by volcanic forces. Yet they dif- 
fer from ordinary lavas. They are not vesicular in their struc- 
ture, are more crystalline, and there is in no case evidence that 
they have flowed from craters. If we regard them as the lavas of 
submarine volcanoes, we shall have conditions which will account 
for all their peculiarities. At a certain depth the pressure of the 
water would be sufficient to prevent the formation and escape of 
vapor, and therefore the lavas thus ejected would not be vesicular. 
As the rapid cooling of lavas depends, in a great degree, upon the 
escape of watery vapor, submarine lavas would cool slowly, in con- 
sequence of the pressure. The liquidity depending in part upon 
the retention of the heat, and in part upon the retention of the 
aqueous vapor, they would consequently remain in a liquid state 
much longer than the lavas of sub-aerial volcanoes. They would 
therefore take a more highly crystalline form. All the loose 
materials thrown out during the eruption would be removed by 
oceanic currents, and hence no cone would be built up around the 
orifice of eruption. We may therefore regard the trappean rocks 
as the lavas of submarine volcanoes. The present volcanoes of 
this kind are necessarily producing the same kind of rocks, though 
there will be no other proof that they exist, except the existence 
of the volcano, till the bed of the sea becomes dry land. 

The granitic rocks are also the product of igneous causes. 
Granite is the most abundant of these crystalline rocks ; and the 
others, such as crystalline limestone, are so intimately associated 



IQNSOUS CAUBJS. 189 

with granite that they most hare had the same origin. Gran- 
ite is everywhere found to send off dikes into the overlying rock*, 
and must therefore have been in a state of fusion ; that is, it must 
have existed as lava beneath the surface. It is obvious that fluid 
lava always exists in great quantity beneath areas of energetic 
volcanic activity. 

Portions of this lava must in succession take the solid form. 
Wherever the surface is elevated along a line of fracture, the lava 
which is accumulated beneath rises above the level of the general 
reservoir of lava, and will therefore part with its heat more rapidly. 
On cooling, it becomes the granitic nucleus of the mountain. We 
ought also to suppose that, by the extremely slow process of the 
transmission of heat to the surface, the crust of the earth is every- 
where increasing in thickness ; that is, the upper portion of the 
great lava mass is solidifying. 

Sir James Hall has shown, by experiment, that earthy sub- 
stances, reduced to a state of fusion, become more highly crystal- 
line as they are allowed to cool more slowly, and are subjected to 
greater pressure. It is difficult to conceive of these conditions 
existing in a higher degree than they do in the cooling masses of 
lava below the stratified rocks. These lavas must therefore take the 
highly crystalline form which the granitic rocks are found to have. 

All the igneous rooks have therefore existed as subterranean 
lavas. The volcanic rocks have become vitreous, the granitic are 
crystalline, and the trappean are intermediate in structure, co- 
inciding with the circumstances of pressure and rate of cooling 
under which they have severally been formed. 

5. The Elevation of Mountains is another result of volcanic 
action. The height of mountains depends, in part, upon general 
elevation. Yet there is a different action, upon which the exist- 
ence of the mountain, as such, depends. Whenever igneous action 
becomes intense under any portion of the earth's surface, and the 
elastic force greater than the repressive, the solid crust will be 
broken and raised up, and along this line of fracture the lava will 
rise above its general level elsewhere. This lava, thus lifted out of 
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the general mass, in time solidifies, and forms the nucleus of a 
mountain. At successive periods the elevating force is renewed, 
and adds somewhat to the mountain mass before supplied. In this 
way the mountain is ultimately formed. 

So far as observations have been made, the elevation of moun- 
tains seems not to be gradual, but spasmodic ; and yet the elevating 
force probably accumulates constantly and uniformly. The repress- 
ing force consists of the weight of the strata above, which may be 
regarded as constant, and their strength, which is variable. When 
the elevating force becomes greater than both the repressing forces, 
the crust is fractured. The strength of the strata then becomes 
nothing, and the repressing force is the weight alone. The elastic 
mass below at once expands, and the requisite space is furnished by 
the uplifting of the strata along the line of fracture. As the ridge 
of lava which nils this additional space cools, it recloees, in part, 
the original fracture, and the repressing force again consists of the 
two elements, — weight and strength. There will therefore be no 
further elevation till the elevating force is again superior to these 
two forces. Thus the elevating force, though it may accumulate 
at a uniform rate, will manifest itself only at considerable intervals. 

As the accumulation of lava along the line of fracture is the 
cause of the upheaval, every mountain must have a central gran- 
itic axis. Sometimes this granitic mass is pushed up through the 
fissure, as in the case of Mont Blanc At other times, the stratified 
rock, which formed the original surface, is carried up so as to form 
the surface rock nearly to the top. In either case, the strata are 
lifted along the line of fracture, and left in an inclined position. 
In this position the older rocks are always found, wherever there 
has been any considerable amount of igneous disturbance. 

In some instances, the additional space required by the expan- 
sion of the igneous mass below is furnished, not by the uplifting 
of the strata, but by their compression into folds between two lines 
of upheaval. The igneous rock is elevated but little above the 
stratified through which it had burst ; but the stratified rocks have 
taken the undulatory form, and the widening of the igneous mass 
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along the lines of fracture has compressed the undulations, until 
the planes of the strata have become vertical. Fig. 82 will give 
an idea of the successive changes by which the vertical position of 
the strata has been produced. 

Jig. 82. 
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The force by which mountains are elevated being the elasticity of 
the vapor diffused through the subjacent lava, it may happen, if the 
lava have a high degree of fluidity, that this vapor will collect in large 
masses, and rise as far as the lava is in a fluid state. The irregular 
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flow of lava from craters daring an eruption is undoubtedly due 
to the rapid ascent of such steam bubbles through the lava* Such 
an accumulation of vapor under a mountain mass, if it cannot 
escape, would support it as long as the temperature remained 
unchanged. But, upon a reduction of temperature, the mass which, 
had been upheaved bj it would be unsupported, and liable at any 
time to sink. Instances of subsidence on a comparatively small 
scale will admit of explanation in this way. Papandayang, one 
of the loftiest volcanic mountains of Java, sunk down four thousand 
feet in the year 1772. The area engulfed was sixteen miles long 
and six broad. The crater of Kilauea, in one of the Sandwich 
Islands, was evidently formed in this way. It is situated on the 
side of a mountain, and consists of a chasm eight miles in cir- 
cumference and a thousand feet in depth. Liquid lava can always 
be seen boiling in the small craters at the bottom ; and at times it 
rises so as to overflow them, and fill the chasm to within four hundred 
feet of the top, when lateral subterranean passages are opened, hy. 
which it is discharged. The same explanation — a depression of 
the central portion — may be given of the formation of the large 
craters in the Canary and Grecian islands. It is also probable that 
Lake A vermis and others, in Italy, and some in Germany, have 
had a similar origin. 

The subsidence of Papandayang is of importance as a*nistorical 
fact ; and it is not at all unreasonable to suppose that larger chasms 
of great depth were also sudden subsidences of a similar character. 
Lake Superior has a depth considerably greater than the elevation 
of its surface above the level of the sea. The bottom of the Dead 
Sea is two thousand six hundred feet below the surface of the 
Mediterranean. And at one place in the Atlantic Ocean a sound- 
ing was attempted with more than six miles of line, without reach- 
ing bottom. These sunken areas, however, though of great extent, 
occupy only an insignificant portion of the entire surface of the 
earth. 

6. The Elevation of Continents. — The causes of change of 
level which have been given will not explain those slow vertical 
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movements which are now taking place in Greenland and the north 
of Europe, or those bj which. the present continents have been 
elevated and the bed of the sea depressed. Any cause which will 
account for these movements must be one operating for long 
periods, under large areas, and with great uniformity. 

The cause which fulfils all these conditions most satisfactorily is 
a variation of temperature in the mass of rock underlying the 
portion of the surface whose level is changing. It has before been 
shown that the temperature increases as we descend below the sur- 
face ; but there is also reason to suppose that it undergoes great 
variations. The volcanic grits interstratified with the Silurian 
rocks of England show that at the silurian period volcanic fires 
were active below that portion of the surface. When the early 
fossiliferous rocks of this country were deposited, the Alleghany 
Mountains had not been elevated ; but before the tertiary period 
they had taken nearly their present form. Some portion of the 
intermediate period was therefore one of volcanic upheaval. The 
trappean rocks are also evidence of intense volcanic action existing 
here. France, during the tertiary period, was a highly volcanio 
country ; but all volcanio activity has now subsided. The Andes 
have been mostly elevated since the tertiary period, and are still 
rising. It is evident, then, that at different periods volcanio heat 
may vary from its highest to its least degree of activity, below 
any portion of the earth's surface. 

This variation of temperature must be followed by variation of 
volume of the earth's crust ; that is, it must produce expansion or 
contraction. Experiments have been made, under the direction of 
the United States government, to determine the expansion of the 
several kinds of rock used in our public works. It was found that 
granite expands nearly one two hundred thousandth of its length 
for every degree of increased temperature, limestone somewhat 
more than that, and sandstone about twice as much. Taking the 
expansion of the granite as the basis of calculation, and supposing 
the crust for a hundred miles in thickness to be undergoing change 
of temperature, there would be a resulting difference of level 
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exceeding two and a half feet for each degree of change in temper- 
ature, or more than two thousand five hundred feet for a change of 
one thousand degrees. 

This calculation is made upon the supposition that the law of 
expansion is the same for all temperatures, and that no new con- 
ditions are introduced at high temperatures by the presence of 
aqueous particles. We know, however, that solids expand more 
rapidly at high temperatures than at low, and the elasticity of 
aqueous vapor at high temperatures must increase the rate of 
expansion of the rook through which it is diffused. Although we 
are not able to introduce, numerically, the effect of these two cir- 
cumstances, yet it is obvious that they must be considerable. 

The mean elevation of land above the level of the sea is about 
nine hundred feet, the mountain masses above that level not being 
included; and the estimated mean depth of the ocean, not includ- 
ing its chasms, does not exceed two thousand six hundred feet. 
The total elevation of the continental masses, for which it is neces- 
sary to account, does not therefore exceed three thousand five hun- 
dred feet. This amount of vertical movement may evidently be 
produced by the expansion and contraction resulting from changes 
of temperature. 

These changes of level must, however, be very gradual. Any 
diminution of temperature must result from the transfer of heat to 
the surface ; and the conducting power of rocks is very imperfect. 
The lava in a crater is often so cooled on the surface that; it can be 
walked on, while but a few feet below it is still liquid. Lava cur- 
rents continue in gradual motion long after the surface is nearly 
cold. This was the case with one of the currents from JEtna for 
more than nine months after its eruption, and with another for 
ten years. Humboldt visited Jorullo forty years after it was 
thrown up, when the lava around the mountain was still in a 
heated state, the temperature in the fissures being on the decrease 
from year to year ; but twenty years after its ejection the heat 
was still sufficient to light a cigar at the depth of a few inches. 
If so long a period is insufficient to solidify a comparatively small 
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quantity of melted rock when the ciroamstanoes fbr coating are 
most favorable, we may well suppose that centuries would be 
required to abstract sufficient heat from the earth's crust to pro- 
duce any material change in the areas of continents. 

If this account of the elevation and subsidence of continents is 
correct, it would seem that they ought to be constantly undergoing 
change of level. And their apparent stability may be regarded 
as an objection to it If in any place there is absolutely no verti- 
cal movement, then those conditions must exist in which, for the 
time being, there is no change of temperature. 

But it is doubtful whether there ever is absolute stability of 
any portion of the surface fbr long periods of time. Of the minor 
vertical movements of the interior of continents, there can, from 
the nature of the case, be no evidence whatever. Changes of 
level, where they are known to be taking place, are so slow, that 
they are hardly perceptible in the period of a human life. Such 
changes had been going on for centuries in Sweden before they were 
suspected. As accurate observations have increased in number, 
and historical records become available, it is becoming known that 
a very large amount of the seaboard is undergoing change of level. 
It becomes probable, then, that these extremely slow changes of 
level are constantly and everywhere taking place. 

, That portion of the crust of the earth constituting the present 
continents, being further removed from the centre, would part with 
its heat more rapidly, and receive heat from the central mass more 
slowly, than that portion which at present constitutes the bed of 
the sea. The continents are therefore in a situation to undergo 
contraction and depression,^ and the bed of the sea is most favorably 
situated for rising. If the distribution of water through the mass 
has any influence in promoting its expansion, then the bed of the 
sea would receive this supply most abundantly, and the continents 
the least so. We see, then, in nature, those provisions for an 
alteration of level, which, from the character of the several rock 
formations, we know to have taken place. When any portion of 
the earth's surface is covered with the sea, the conditions exist 

13 
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which wiU at length elevate it When it becomes dry land, the 
conditions exist which will in time depress it below the level of the 
ocean. Hence, those impressions in regard to the land, as stable 
beyond the possibility of change, we ought to abandon; and those 
vertical movements, which, when proved, we are accustomed to 
regard as extraordinary, we shall, at length, consider as only par- 
ticular instances of one of the most general laws of nature. 

7. Variations of Climate. — The only sources of heat by which 
climate can be affected are the sun and the heated interior of the 
earth. 

If the former melted condition of the entire mass of the earth 
be assumed, the temperature of the surface must have -been in* 
creased, by conduction of heat from within, for long periods after 
the superficial stratum had become solid. It is, however, suscepti- 
ble of proof, that the present climates are not sensibly affected by 
interior heat, though at a little more than a mile below the surface 
the temperature is equal to that of boiling water. At any time, 
therefore, after the waters had become condensed, collected into 
oceans, and become sufficiently cool to support the animal life of 
which the remains are now found, it is not probable that the cli- 
mate was, to any considerable extent, influenced by the heat con- 
ducted from the interior. 

Still, there have been great changes of climate since those early 
organic forms existed ; and, since we have no ground for supposing 
that the temperature of the sun's rays has suffered any reduction, 
we have to inquire whether the means of retaining the heat from 
the sun could at any time have been different. The relative posi- 
tion of land and water depends, as we have seen, upon igneous 
causes, and has been very different at different times. We shall 
find that climate must have been greatly modified by these changes; 
for ihe land radiates and absorbs heat freely, and water possesses 
this power in a very low degree. 

Let us suppose the zone comprised between the tropics to be 
occupied by land, and the portions without these limits to be 
covered with water. Under these conditions, the land, having a 
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nearly vertical sun the whole time, would accumulate heat to a 
degree scarcely compatible with the existence of animal life. This 
is sufficiently proved by the oppressive tropical climates of the 
present time, influenced as they are by polar lands and contiguous 
seas. 

Under the same conditions, the sea would be heated by contact 
with the land, and the heat would be distributed by marine cur- 
rents to the polar regions. But the water thus distributed would 
not part with its heat, because it has but little radiating power, 
and nowhere comes in contact with polar land. It follows, then, 
that both land and water would be subjected to a very high 
temperature. 

But, if we suppose the land confined to the polar regions, and 
the sea to the equatorial, the opposite results would follow. The 
equatorial sea would absorb but a small proportion of the solar heat 
which would be thrown upon it. The land would receive the sun's 
rays too obliquely to receive much elevation of temperature, as the 
present polar climates show. Hence, the temperature of the earth 
would differ but little from that of the planetary spaces, which is 
fifty-eight degrees below zero, a temperature too low to allow of 
any considerable development of organic life. 

These are the conclusions to which we are led by considering 
the different powers of land and water to absorb and radiate heat, 
and we shall find that the existing climates are in accordance with 
these conclusions. America has a lower temperature than Europe 
in the same latitudes. It has also a smaller proportion of land in 
the equatorial regions, and a greater proportion in the north polar 
regions. The eastern continent is colder in Asia than in Europe 
in the same latitudes. It has also less equatorial and more polar 
land. The southern is colder than the northern hemisphere at 
equal distances from the equator. There is also less land near the 
equator on the south side, and probably as much land around the 
south as the north pole. 

Hence, we see that there may have been such a relation of land 
and water as to account for all the variations of temperature which 
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are known to have existed. We cannot say that such actually has 
been the ease* We can tell, with some degree of accuracy, what 
portions of the present continents were land at the several geologi- 
cal periods; but three-fourths of the surface of the earth is covered 
with water, and of the condition of this portion during those 
periods we have no means even of conjecturing. We can only 
say, that, by the operation of known causes, the relative position of 
land and water may have been such as to produce the climates 
known to have existed at former periods of the history of the 
earth. 
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QUESTIONS. 



CHAPTER I. 

MOTION X. 



How many elementary substances are known ? 

In what combinations is oxygen found ? What proportion of the earth's 
crust consists of it ? 

In what combinations does hydrogen occur? Nitrogen? Carbon? 
-Sulphur? Chlorine? Fluorine? Iron? Manganese? 

How does silicium occur ? Aluminium ? Potassium ? Sodium ? Cal- 
cium ? Magnesium ? 

How are these elementary substances classified ? (Silicium, or silicon, 
has but a doubtful claim to be regarded as metallic.) 

section n. 

What is a simple mineral ? How many are known ? 

What are the physical properties of quarts? How are the several 
yarieties distinguished ? 

What are the physical properties of felspar ? Mica ? Hornblende ? 
How are its yarieties distinguished ? Augite ? Hypersthene ? Talc ? 
How are its yarieties distinguished ? Serpentine ? Carbonate of lime ? 
Gypsum ? Its yarieties ? 

What other minerals are mentioned ? 

sxcnox m. 

Define the crust of the earth. Bocks. 

What are the unstratified rooks ? 

What is the structure of granite ? 

How are the varieties distinguished ? 

What is the porphyritio structure ? 

Describe hypersthene rock. 

What are yolcanio rocks ? Lava? Scoriae? Pumice-stone? 

How is the vesicular structure produced ? 

What are volcanic breccias ? Volcanic grits ? 



What ta tbo oomporitioD of the trappean rocks 1 

What is the amygdaloidal structure I 

What are the three varieties of trappean rocks, and bow an they 




Nome the stratified rocks. Describe gneiss. Mica slate. Sandstone. 
Conglomerate. Greensand. Describe the varieties of limestone. 

What la dolomite I Of what does clay consist ! Clay slate ? What 
modifications does clay slate present ? What is diluvium ? 



CHAPTER II. 



What Is the primary division of rooks ! 
Upon what principle are the unatraldfled rocks divided 7 
Upon, what principle are the stratified rocks divided I 
Why are the non-fossiliferous^ called mctamorphic rooks ? 
Name the four classes of rooks. ' 



What is the most abundant plutonic reek 1 ' 

How is its thickness ascertained 1 

What is its amount ? 

Where is it found ! 

What is its ordinary structure ? 

What peculiarity of structure facilitates the cleavage of granite 1 



QUESTIONS. 



161 







14* 



182 qujbiionb. 

The granitic masses are generally deep below the surface ; in what 
other position does granite appear 1 




In what classes of rocks are granite veins found? 

Were the/ all produced at the same time ! 

How is this demonstrate! > 

What U the relative position of the older and newer granites ( 

What other plutonio rocks occur in considerable quantities I 



Of what do volcanic rocks consist ? 

In what states are the; ejected 1 

What are the principal varieties of lava, and how are the; distin- 
guished! 

Wh; is the basaltic lava the last to be ejected ? 

How is the age of the volcanic rocks determined ? 

What are the three divisions of the volcanic rocks, as dependent upon 
age? 

What is the proportion of the volcanic to other rocks ? 

How man; active volcanoes exist ? 

Describe the eruptions of Kilauea. 

Describe the eruption in Iceland in 1783. 

What are the dimensions of Mount Mini, and how has it been pro- 
How are the tertiary lavas known to be such .' 

Where have the; been most studied ? 



QOIBT10KB. 

What ii lie evidence that than rooks in Franca are volcanic ( 
Hate these lavas been produced within tbe historic period I 
Pg.6. 



, /^\, 




Were they produced at an early period in the earth's history i 
Give the evidence that their activity was long-continued. 

Kb. 6. 




What 1b the form of the earlier volcanic rocks ? 

What circumstances distinguish the trappean from other volcanic 

What are some of the prominent localities of the trappean rocks 1 
How do they occur in the islands west of Scotland ? 
How in the'valley of the Connecticut river 1 



What is the lowest metamorphia rock F 

Describe it 

How does mica slate diner from gneiss ? 

Is it well distinguished from argillaceous slate ? 

What is the third rock in the met&morphio series > 

Why is it difficult to determine the upper limit of this at 



164 QU1BXI0KB. 

Why do the principal roeka of thia aeries occur in tho ordei 

What other rooks may take the place of these principal rocka ! 
Where do the metamorphio rocka occur I 
What ia their thickness and amount J 



How many systems of toaeUilerona rocks are there, and what are they ( 
What other system ia provisionally introduced > 
What ia its position '. 

Ba>T. 



What materials of value are obtained from this system ? 




What fossils does it contain 1 



QU1BTI0HS. 
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In what locali t iee is it fbmid 1 

Whnt explanation, in reference to these rocks, il given by those who 
den; th»t they constitute & distinct sjstom ? 



4 



.j? ; ».. 



In What respecta does the Bute of Now Tork present the best nualitiai 
for studying the iilnrian system 1 
Describe the Chsmplain divioion. 

Pig. 11. 









The Ontario division. 
The Helderberg d iyiflion. 



Describe the Erie division. 

What lire the fossils of this system .' 

Fig. IV. 



Desoribe the Crinoidea. 
TliH Cephalopoda, and the two forma. 
Hg.18. 




The Trilobite. 

What higher forms of animal life existed during the sttnrlan period ! 

The geographical range of the system ! 

Of what does the Old Red Sandstone consist ! 




Describe the fisbes of that period. 

What was the peculiarity of the Pteriohthys / 

Of the Cephalaspis f 

Where we the rocks of Hub system found ! 

How is the carboniferous system divided ? 

Describe the carboniferous limestone. 

What ores are found in it ? 

Describe its fosals. 

Describe the millstone grit. 

Of what do the coal measures oonjriit I 

How does the ironstone occur ? 

Describe the coal beds. 



How is the continuity of the strata interrupted ? 
What variations from this general type occur in the formation i 
Hg. SO. 

Kg. SI. 




Describe the several varieties of cosL 
How Is the coal quarried .' 

Fig. 11 




What mineral springs occur in this formation I 

To what uses is coal applied ? 

(The coal was deposited thousands of jean ago, and has served no 
useful purpose, that we know of, till very recently. Its formation was 
planned and completed to meet a want which was not to be felt till the 
lapse of many ages. It is a notable instance of the wisdom and fore- 




What are tha fuur moat abundant forms ? 

Deeori.be the Stigm&ria. The Sigillaria. The Lepidodendron. The 



Where are the beds of coal found ? 



QUESTIONS. 

What is the fourth formation of rooks ? 

Into what two portions is it diiided i 

Of what does the Permian portion consist '■ 

The Trias? 

What minerals are found in this formation I 

What springs F 

fig. 21. 




What fossils f 

Bow are the fishes of the earlier and later portions distinguished ? 

What peculiarity of the red sandstones is mentioned .' 

By what kinds of animals were the tracks, which they contain, mad 
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Give localities *jf llie new red sandstone. 
What are the tliree divisions of too Oolitio sja'tem .' 
Kg. 31. 

v. m. ,i0 
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173 



The Wealden. 

What are the general peculiarities of the system ? 

Fig. 33. 







^ V^T 



What are the fossil animals of the system ? 

By which class of fossil animals is the system characterized ? 

Fig. 34, 




Describe the Ichthyosaurus. The Plesiosaurus. Pterodactyle. The 
Iguanodon. 

Where is the system developed ? 

What are the divisions of the Cretaceous system ? 

How are the layers of chalk separated ? 

What is the geological position of the Neocomian system, and the 
greensand of this country ? 

What are the fossils of this system ? 

Fig. 35. 





What the geographical range ? 

How are the tertiary deposits distinguished from the older formations ? 

15* 



Cpon what principle is the tertiary system divided ! 

What are these divisions called, aud nhat dues eaoh name signify f 




In what portion of tlie tertiary period wits the drift deposited '. 
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What is the geographical range of the drift ? 
Of what does it consist ? 
What is the latest tertiary deposit ? 
What are the fossils of the tertiary system ? 

Describe the Paleotherium. The Anoplotherium. The Megatherium. 
The Mastodon. The Mamis*th. 

What other animals belonged to this period ? 
Where are the tertiary deposits found ? 
What formations are regarded as recent ? 
What formations of this class are accessible ? 
What others are in progress ? 
What are the fossils of this formation ? 

SECTION VI. 

What is a fossil ? 

In what ways are they preserved ? 

When is a fossil said to be mineralized ? 

Describe the process of mineralization. \ 

How is it proved that the removal of the organic matter and substitu- 
tion of mineral particles are simultaneous ? 

Were animals created before vegetables ? 

How is this shown ? 

Ai what period was the vegetable growth the greatest ? 

What forms of animal life were most abundant during the earlier 
periods? 

What vertebrated animals belonged to these periods ? 

What advance is made in the new red sandstone period ? 

During what period do the nn«nnmlia first appear in abundance ? 

During what geological period was man created ? 

How are the footprints and skeletons of human beings in solid rooks 
accounted for ? * 

Why are not fossils distributed uniformly through all the formations, 
and through all the parts of each formation ? 

In what does the importance of fossils consist ? 

How are the fresh-water and marine formations distinguished ? 

What circumstances render it difficult to identify rocks of the same age 
in different localities ? < 

How are formations identified ? 

Was the work of creation one of short duration ? 
' What was the last work of creation of which we have any geological 
evidence ? 

Why may we presume that no more species will be created ? 
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Do all the animal and vegetable species which have been created etQl 

exist? 

Fig. U. 



Fig. 46. 




Fig. 45. 



Fig. 47. 




What causes are operating to destroy species ? 



section vn. 

How long has it been since the creation of the earth ? 

How does the amount of stratified rock indicate the great antiquity of 
the earth ? 

How does the stratification show the same thing ? 

What is the proof that the principal strata were deposited before the 
creation of man, and how does this fact bear upon the question of the 
antiquity of the earth ? 

Give the argument drawn* from the successive creations and disappear- 
ance of animal and vegetable species. 

The argument drawn from the amount of organic matter in the strati- 
fied rocks. 
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The argument from slow accumulation. 

What is the general conclusion from these facts ? 

Why is this conclusion an important one ? 

What objection to it has been raised ? 

How is this objection answered ? 

What additional explanation is given ? 



CHAPTER III. 

SECTION L 

What is the deepest geological change of which we have any knowl- 
edge? 

What are the reasons for supposing that the lowest stratified rocks are 
undergoing fusion ? 

Why are the lowest stratified rocks regarded as of mechanical origin ? 

What changes have they undergone ? 

SECTION II. 

In what state were the stratified rocks deposited ? 
What change have they undergone in this respect ? 
How is the fissile structure produced ? 
How is the cleavage structure produced ? 

Kg. 48. 




What is the third class of changes ? 

What do fractures at the surface become by the erosion of water ? 
How are caverns formed ? 

Describe a vein of segregation. A dike. A mineral vein. 
What is a fault? 

Were the inclined strata thus deposited ? 

How is it proved that they have taken the inclined position since they 
were deposited ? 
What is the direction of the dip ? 
What lines form the angle of inclination i 
What is the outcrop of inclined strata ? The strike ? 




Fig. SO. 




QUESTIONS. 

Describe an anticlinal axis. A synclinal axis. 
A valley of deration. A valley of eubniJence. 




When are strata unconformable .' 

What other disturbances have token place in the strata f 

When did these various disturbances take place .' 

How is it known that there has been no period of universal disturbance I 



QUESTIONS. 181 

Were the granitio ridges thus covered ! 

II js the level of the sea been , to any considerable extent, fluctuating I 

How, then, hive the rocks, of which the mountain masses consist, been 

Give the evidence that different mountains were elevated at different 

Has the process of upheaval been sudden or gradual ? 
How are the mountain valleys, which have the direction of the mountain 
ranges, been produced ? 

Fit;. 69. 




How is the existence of submarine mountains shown ? 
What is the movement by which continents are elevated 1 
State the evidence of the elevation of continents from the existence of 
elevated sea-beaches. 

The evidence of the elevation of the coast of Maine. 
The evidence of elevation from the existence of lakes. 
/ 16 
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From the geographical range of the older strata. 
The evidence of the recent elevation of South America. 
Of the rising of the north of Europe. 

State the proof of subsidence from the occurrence of submerged forests. 
Why are these changes but little observed ? 

Fig. 60. 




What are the grounds for asserting that a change of level is taking 
place over a large area in the Pacific and Indian Oceans ? 



questi ons. 
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What is the present state of the coast of Greenland in this respect? 
Havo the changes of level of the same place always been in the be 



Give the evidence of elevation and deprs 

In Italy. 

Fig. 6S. 




What general conclusion may „a draw In respect to the stability of the 
earth's surface f 
To what extent can we ascertain the geography of past epochs t 
Wtflt former relations of land and water are suggested as not improba- 



How can we estimate the denudation which the igneous rocks have 
suffered ? f 

How do faults indicate the denudation of the stratified rocks 1 
How do valleys indicate denudations ? 
Describe the instance in Scotland. 



QUESTIONS. 



What is the evidence of denudation in the Connecticut valley ! 
How are valley o produced '. 

Kg. ea. 



What a the condition of the surface rock in the colder portions 
temperate zones .' 

Fig. 67. 




With what,ia the surface rock generally covered ! 
How are Boils formed > 
How ma; soils be improved 1 
What in necessary to render soils fertile ! 
16* 
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QUESTIONS. 



SECTION V. 

What means have we of judging of the climate of former periods ? 

What was the climate of the coal period I 

What animal fossils indicate a former warm climate ? 

What evidence that Siberia once enjoyed a milder climate ? 

Do similar indications appear in the southern hemisphere ? 

When has the climate of the earth been most uniform ? 

Has the climate been growing gradually colder to the present time ? 

What is the evidence of a somewhat recent period of intense cold ? 

What recent local changes of climate are mentioned as having occurred ? 



SECTION VI. 

State the general advantages of geological changes. 
By what changes have the coal-beds and other stratified rocks become 
accessible ? 

- What advantage from these elevating forces in reference to the granitio 
rocks? 

Fig. 69. 




How do these changes affect our means of knowing the structure of the 
earth ? 

Explain the origin of springs, wells, and artesian wells ? 

By what changes have the metallic ores become accessible ? 

In what light, then, are we to regard disturbances of geological struc- 
ture? 



QUESTIONS. 



CHAPTER IV. 



What is the object of the preceding chapters ! 

How Can we arrive at a knowledge of the causes which have produced 
geological phenomena ! 

Have geological causes always operated with the iame intensity > 
How are the means of forming correct geological theories increasing i 



How does oiygen become an agent in the disintegration of rotloi .* 

How does carbonic acid operate in the disintegration of rocks > 

What is the effect of moisture and rain ! 

What is the effect of variations of temperature I 

What other atmospheric causes are mentioned I 

How do these causes become important ! 

What axe some of their effects ! 



What are the changes which are to be referred to chemical agency I 
Mention some of the disturbances which give rise to chemical changes. 
What are the principal effects of chemical action ? 
How is the cleavage structure accounted for ! 

Ha. 7i. 




Kg. 70. 



' Mention instances which show that a cleavage may be established in a 
oody in a solid state- 
In it a crystalline arrangement of the particles of the mass ? 
What other divisional planes Oust in rocks ? 
Mention instances of concretionary formations. 
Why may not these concretions have been deposited as nodules > 
How have these concretions been formed ? 

Mention instances of segregation without the concretionary structure. 
How was the segregation in these instances effected ? 
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How is the columnar structure produced ? 

What is the origin of the mineral veins which are first mentioned ? 

How is it shown that other veins are not injected ? 

How were these veins formed ? 

What is the force by which these molecular changes have been effected ? 

section in. 

In what ways are geological changes produced by human agency ? 

Of what are the organic remains, in rocks, the record ? 

What rocks contain organic materials in large quantity ? ^ 

What is the most abundant organic product ? 

Explain the mode of growth of corals. 

Give instances of extensive coral reels. 

What is the total amount of surface covered by the coral reefe ? 



SECTION IV. 

What degree of importance is attached to water as a geological agent ? 
What are the sources of the sediment which water deposits ? 
Why is not the formation of the sedimentary rocks capable of being 
observed ? 
What is the first mode in which solid matter is taken up by water ? 
Why are the waters of the ocean saline ? 

What effect has the temperature of water in the solution of silex ? 
What effect has an alkaline condition of water ? 



Fig. 72. 




What rock is soluble in water charged with carbonic acid ? 
Give an instance of limestone formation from such solutions. 



QUISTIONS. 1S9 

How do rivers furnish sediment fbr the stratified rocks > 
What determi nes the position of rapids in rivers '. 
What is the effect of water-falls on the abrading action of rivers ? 
What is the peculiarity of rock at Niagara which has prevented the 
lull from becoming a succession of rapids ? 
What other circumstance increases the abrading action of rivers ? 
What is the principal source of the sediment which is transported by 



What is the annnal amount of sediment furnished by the Kennebec i 
The Merrimac ? The Mississippi > The Ganges .' . 
What is the general tendency of these abrading forces ? 
What is the effect of waves upon the coast, when it consists of unsolidi- 

fied 



Describe their effect upon rocky coasts. 

How is the encroachment upon such coasts shown 1 




What ia the effect of wares of less power ? 

How are marine currenta produced ? 

How are they increased by the evaporation of the torrid tone ! 

What are the most important marine currents ! 

Which class of currents have the greater depth ! 

Upon what does the power of deep currents depend ? 

How would the effect of these currents be increased by earthquake! .' 

Where will the effects of these currents be greatest ? 

Mention instances of these effects, 



QUESTIONS. 191 

. What most be the effect of such currents as the Gulf-stream and 
Mozambique channel ? 

Mention, generally, the effects of these currents. 

Why does detrital matter remain suspended in the water of riTers ? 

How is the coarse and fine sediment separated ? 

Why do river currents extend some distance into the sea ? 

What effect does this have in distributing the sediment which the rivers 
furnish? 

Upon what does the transporting power of marine currents depend ? 

When a river enters a lake, why is its sediment deposited ? 

Describe the effect. 

When is sediment deposited in the beds of rivers ? 

Describe the effects of this deposition. 

Where is most of the sediment deposited ? 

Give the area of some delta deposits. 

How do the deep-sea deposits now forming compare in extent with the 
earlier formations ? 

State the several circumstances by which a succession of deposits would 
be arranged in strata. 

How are those differences produced upon- which the separation into 
independent formations depends ? 

Why are marine deposits nearly horizontal ? 




How are the irregular stratifications produced ? 

What peculiarity in the fossils will distinguish the lacustrine and marine 
deposits ? 

What peculiarity in reference to fossils will characterize the deep-sea 
deposits ? 

How is coal shown to be of vegetable origin ? 

Why will the drift wood of the sea accumulate in particular localities, 
and why will it sink ? 

Why will it become buried beneath earthy matter ? 

How is it known that wood thus buried will, at length, become lignite ? 

How is lignite converted into mineral coal ? 

What is the proof of it ? 

Have beds of coal been formed at other periods, besides the carboniferous ? 

Is it probable that coal-beds are now forming ? 
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How did the flora of the carboniferous period differ from the 
flora? 



Fig. 76. 




Are the alternations of the earthy and coal strata satisfactorily 
explained ? 
In what portions of the geological series are the deposits of salt found ? 
Where is saline matter principally stored ? 

Explain the conjectural formation of salt in the Mediterranean Sea. 
What form do rocks take when deposited from a chemieal solution ? 
How is sand or gravel solidified by the infiltration of mineral waters ? 
What is the effect of drying upon the solidification of rocks ? 
What is the effect of pressure ? 
What of heat? 

SECTI08 Y. 

What is -a glacier ? 

What is the extent of the glaciers of the Alps ? 

What change does the mass of snow in the higher valleys of the glacier 
mountains undergo ? 
What is the source of supply to the glacier ? 
What is the cause of the motion of the glacier ? 
What is the usual annual motion ? 
Why will the glacier melt but little at its under side ? 
Where will the waste at the surface just equal the addition ? 
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7 the position of the terminus of the glacier [ 




il moraine formed ) 



if ■ glacier 



octy enrfaoe oyer 



What, besides enow and 
Bow are these materials si 

How is a lateral a 

What effect has the mod 
which it passes I 

What is the material by which this effect is produced ? 

How is the terminal moraine produced ? 

How may the moraines on the Jura Mountains be explained } 

How has it been proposed to explain the striated surfaces of rocks found 
In the north of Europe and America I 
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What is the objection to this extension of tie glacier theory ? 

How doe* the lee accumulate along the eout in high latitudes to form 

Why does It ultimately separate from the shore ? 
How does it become freighted with earth; matter ? 
In what direction do the icebergs float, and why ? 
What arc the dimensions of an iceberg, estimated from the part that is 
TUblal 

Fig. TS. 




Where doen the mass of ice increase, and where diminish ? 

What will be the effect of its melting • 

How is it supposed that icebergs ma; have striated the rocky surface I 

What is probably the condition of the bed of the seas over which ioe- 
bergs now float I 

Has the north of Europe and America been so depressed, during a 
period comparatively recent, as to admit of this explanation of the drift 



What is the condition of the interior of the earth with respect to heat ? 
■ How do the observations made in deep mines and wells prove this I 
How fer is the temperature influenced from the surface .' 
What is the general law of increment of temperature > 
At what depth would most mineral substances bo melted ? 
How is this conclusion confirmed > 

What was probably the original state of the mass of the earth > 
What other explanation may be given of this interior heat I 
What is the elastic force upon which volcanic phenomena depend .' 
Upon what does the fluidity of lava depend > 
Upon what does its porous structure, when cooled, depend i 



Why are volcanoes situated near the sea. I 

Describe the principal lines of volcanic activity. 

What are the forces tending to repress the elasticity of the moss 

What will be the effect when the elastic is greater than the 

What produces the phenomena of the earthquake ? 
What is a volcano ! 

Why ore volcanoes generally arranged a linear direction > 
Under what circumstances will a new volcano be formed I 
What instances are cited 1 



Hon is 
Whyai 



volcan 




Qive instances of fractures as results of volcanic at 
How ore dikes formed .' 

Hg. 80. 



■ By what agency have the changes in the metsmorphio rooks been 
effected? 

Give the instance of metamorphic action from intrusive granite in 
Norway. 

What instance is given as occurring in New Hampshire .' 



Give the experiment by which it is shown that these changes will result 
from a high temperature. 

Fig. 81. 




■ What must be the condition of the lowest stratified rocks in regard to 
temperature? 

Why is not the stratification destroyed ? 

What changes are produced by this high temperature ! 

Eiplain the connection of denudation and earthquake action. 

What is the evidence that the surface of the earth is thrown into undu- 
lations during earthquakes > 

What is the velocity of these undulations ! 

Give the instance which occurred in Chili. 

To what porta of the earth are these undulations limited ? 

What condition of the surface may be regarded as resulting from this 

What is the class of rocks most obviously referable to volcanic agency > 

flow do the trap rooks differ from ordinary lavas ? 

Why are they not vesicular .' 

Why more crystalline ? 

Why were cones never Ibrmed ? 

What is the proof that the granitic rocks have once been in a melted 
state? 

Why does not the moss of melted rock below the surface retain per* 
manently its liquid form > 

Why does it, on cooling, become more crystalline than lava } 

State the process by which mountains are formed. 

By what law does the elevating force accumulate ! 

Why, then, is the process of elevation spasmodic, and not constant? 

How is the inclined position of strata produced ! 

How ore strata brought into a vertical position over large areas I 
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Why do subsidences occasionally follow these movements of elevation ? 
Mention instances. 

Fig. 82. 





•:-r-". . : ■.•«•.• •• •..•-'. " « ■•-••\v. v. '.**•. •.".•/.•;.•,•.•. * r, v* . • 






•. •> * V • : : : * «« 

i * a . «" « « m. 
■»»... 















What explanation is suggested of deep and extensive chasms ? 

What conditions must exist together, in the force by which continents 
are produced ? 

What cause fulfils these conditions ? 

What is the proof that the temperature under given localities is varia- 
ble? 

What will be the result of these variations ? 

What is the law of expansion of rocks, as obtained by experiment ? 

What amount of change of level may be thus accounted for ? 

17* 
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What circumstances would probably increase this amount ? 

What amount of vertical movement must be accounted for ? 

Why must these changes of level be very slow ? 

Under what conditions would there be no change of level ? 

Is it probable that these conditions exist to any great extent ? 

Why, then, are not the changes of level observed ? 

Why is the bed of the sea most likely to experience the change of eleva- 
tion ? 

Why are the continents most favorably situated to undergo depression ? 

What are the sources of heat upon which climate depends ? 

Does the interior temperature sensibly affect the present climates ? 

What cause may be assigned for the changes of climate which are 
known to have taken place ? 

What are the relations of land by which the highest temperature would 
be produced ? 

How would this distribution of land affect the temperature of the waters 
of the ocean ? 

What would result if the opposite relations of land and water existed ? 

What confirmation of these conclusions is drawn from the ««M«ting cli- 
mates of different parts of the earth ? 

Is there any reason to suppose that the relations of land and water 
which would have produced a warmer climate in former times did not 
exist? 
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our elementary works on this subject. . No work of the same di/nensiens has 

ever appeared in the English languaga containing so much new and valuable infor- 
mation on the subject of which it treats." — Prof. James Hail, in the Albany J<wmaL 

" A work emanating from so high a sourco hardly roqnires commendation to give h 
currency. The volume is prepared for the student in zoological science ; it is simple 
and elementary in its style, full in its illustrations, comprehensive in its rango, yet 
well condensed, and brought into the narrow compass requisite for the purpose intend- 
sd." — Simmon's Journal. 

In preparation^ 
PART II — SYSTEMATIC ZOOLOGY. 

IN WHICH THE PRINCIPLES OF CLASSIFICATION ARE APPLIED, AND THE 

PRINCIPAL GROUPS OF ANIMALS ARE BRIEFLY CHARACTERIZED. 

WITH NUMEROUS ILLUSTRATIONS 



ANNUAL OF SCIENTIFIC DISCOVERT. 



NOTICES OF THE PRES& 

"Nothing which ha* transpired in tbe scientific world daring the past year, soeins to 
have ScaSd ihe attention of the industrious editors. We do not hesitate to pronounce 
U,e work a highly valuable one to the man of Science."— Boston Journal. 

" litis is a highly atuable work. We have here brought together In a volame of .mode- 
rate sUe, -Jl lie leading discoveries and inventions which have distinguished the past 
year. Like the hand on Uie dial-plate, ' it marks the progress of tbe ageJ The plan has 
car warmest wishes for its eminent success."— Christian Times. 
* * nost acceptable volume."— Transcript. 
"The work will prove of unusual Interest and value."— Traveller. 
« We have in our possession the ledger of progress for 1849, exhibiting to us in acoa- 
densed form, the operations of the world in some of the highest business transactions. To 
say that its execution has been worthy of its aim is praise sufficient."— Springfield He* 
publican. 

" To the artist, the artisan, the man of letters, it is indispensable, and the general reader 
will find in Its pages much valuable material which he may look for elsewhere in yam. 
— B ston Herald. 

"We commend it as a standard book of reference and general information, by those 
who are so fortunate as to possess iL" — Saturday Rambler. 

" A body of useful knowledge, indispensable to every man who desires to keep up with 
the progress of modern discovery and invention." — Boston Courier. 

" Must be a most acceptable volume to every one, and greatly facilitate the diffusion of 
useful knowledge." — Zion's Herald. 

" A i lost valuable and interesting popular work of science and art." — Washington JVTs- 
tional HUeUigercer. 

« A l ich collection of facts, and one which will be eagerly read. The amount of informa- 
tion contained within its pages is very large."— Evening Gazette. 

"Ruch a key to tbe progress and facts of scientific discovery will be everywhere wel 
eomcd." — JV«o York Commercial Advertiser. 

" A most valuable, complete, and comprehensive summary of the existing facts of sci- 
ence ; it is replete with interest, and ought to have a place in every well appointed li- 
brary." — Worcester Spy. 

" We commend it to all who wish what has just been found out; to all who would like 
to discover something themselves, and would be glad to know how : and to all whc think 
they have invented something, and are desirous to know whether any one else has been 
before hand with them." — Puritan Recorder. 

"This is one of the most valuable works which the press has brought forth auring the 
present year. A greater amount of useful and valuable information cannot be obtained 
from any book of the same size within our knowledge."— Washington Union. 

M This important volume will prove one of the most acceptable to our community that 
has appeared for a long time." — Providence Journal. 

"This Is a neat volume and a useful one. Such a book has long been wanted In Amer- 
ica. It should receive a wide-spread patronage." — Scientific American, JWw York. 

"It meets a want long felt, both among men of science and the people. No one who 
feels any interest in the intellectual progress of the age, no mechanic or artisan, who as 

[>ires to excel in his vocation, can afford to be without it. A very copious and aocorate 
ndex gives one all needed aid in his inquiries." — Phil. Christian Chronicle. 

" One of the most useful books of the day. Every page of it contains some useful in 
formation, and there will be no waste of time in its study."— .Yorfolk Democrat. 
" It is precisely such a work as will be hailed with pleasure by tbe multitude of intelli 

Snt readers who desire to have, at the close of e'ach year, a properly digested record of 
progress in useful knowledge. The project of the editors is an excellent one, and de 
serves and will command success." — North American, Philadelphia. 
"Truly a most valuable volume." — Charleston (S. C.) Courier. 

"There are few works of the season whose appearance we have noticed with more sin- 
cere satisfaction than this admirable manual. The exceeding interest of the subjects to 
which it is devoted, as well as the remarkably thorough, patient and judicious manner in 
which they are handled by its skilful editors, entitle it to a warm reception by all Uw 
Meads of solid and useful learning."— JWio York Tribune. 



FOOT-PRINTS OF THE CREATOK, 

THE ASTEROLEPIS OF STR0MNE8S. 

BY HUGH MILLER. 

WITH MANY ILLUSTRATIONS. 
HOM 1HI THIBD LOfiBOJT BDJTIO JT.— WITH ▲ MBMOIB 0# TBI AOTBOI 

BY LOUIS AGASSIZ. 

44 In tts purely geological character, the 'Footprints' 1b not surpassed by any modem 
work of the same olaas. In this volume, Mr. Miller discusses the development hypothesis, 
or the hypothesis Df natural law, as maintained by Lamarck, and by the author of the 
'Vestiges of Creation/ and has subjected it, in its geological aspect, to the most rigorous 
examination. He has stripped even of its semblance of truth, and restored to the Creator, 
as governor cf the universe, that power and those functions which he was supposed to hava 
resigned at its birth. * • * The earth has still to surrender mighty secrets, — and great rev- 
elations are yet to issue from sepulchres of stone. It is from the vaults to which ancient 
life has been consigned that the history of the dawn of life is to be composed."— North 
British Review. 

41 Scientific knowledge equally remarkable for comprehensiveness and accuracy; a style 
at all times singularly clear, vivid, and powerful, ranging at will, and without effort, from 
the most natural and graceful simplicity, through the playful, the graphic, and the vigor- 
ous, to the impressive eloquence of great thoughts greatly expressed ; reasoning at once 
comprehensive in scope, strong In grasp, and pointedly direct In application,— these qual- 
ities combine to render the * Foot-prints * one of the most perfect refutations of error, and 
defenees of truth, that ever exact science has produced."— /Vee Church Magazine, 

Dr. Buokland, at a meeting of the British Association, said he had never been so much 
astonished in bis life, by the powers of any man, as he had been by the geological descriptions 
of Mr. Miller. That wonderful man described these objects with a facility which made him 
ashamed of the comparative meagreuess and poverty of his own descriptions in the " Bridge* 
water Treatise," which had cost him hours and days of labor. He would give hit left hand 
to possess such powers of description as this man; and if it pleased Providence to spare hi* 
useful life. be. if any one, would certainly render science attractive and popular, and do 
equal service to theology and geology. 

44 The style of this work is most singularly clear and vivid, rising at times to eloquence, 
and always impressing the reader with the idea that he is brought in contact with great 
thoughts. Where it is necessary, there are engravings to illustrate the geological remains, 
The w) ole work forms one of the best defences of Truth that science can produce."— Albany 
State Register. 

44 The ' Foot-Prints of the Creator * Is not only a good but a great book. All who hare 
read the 'Vestiges of Creation 1 should study the 'Foot-Prints of the Creator.* This vol- 
ume is especially worthy the attention of those who are so fearful of the skeptical tenden- 
cies of natural science. We expect this volume will meet with a very extensive sale. It 
should be placed in every Sabbath School Library, and at every Christian fireside. "—Boston 
Traveller. 

"Mr. Miller's style is remarkably pleasing; his mode of popularising geological knowl- 
edge unsurpassed, perhaps unequalled : and the deep vein of reverence for Divine Revela- 
tion pervading all, adds Interest and value to the volume."— New York Com. Advertiser. 

" The publishers have again covered themselves with honor, by giving to the American 
public, with the Author's permission, an elegant reprint of a foreign work of science. 
We earnestly bespeak for this work a wide and free circulation, among all who love science 
much and religion more.'*— Puritan Recorder. 

" The book indicates a mind of rare gifts and attainments, and exhibits the workings of 
poetic genius-in admirable harmony with the generalizations of philosophy. It is, withal 

Grvaded by a spirit of devout reverence and child-like humility, such as ail men delight to 
hold In the Interpreter of nature. We are persuaded that no intelligent reader will go 
through the chapters of the author without being instructed and delighted with the views 
they contain."— Providence Journal. 

14 Hugh Miller is a Scotch geologist, who, within a few years, has not only added largely 
to the nets of science, but has stepped at once among the leading scientific writers of the 
age, by his wonderfully clear, accurate, and elegant geological works. Mr. Miller, taking 
the newly-discovered Asterolepis for his text, has produced an answer to the * Vestiges of 
Creation,* a work which has been more widfly circulated, perhaps, than any other profes- 
sedly scientific book ever printed. Mr. Millor (and there is no doubt of this) completely 
upsets his opponent — exposing his incompetency, ignorance, and sophistry, with a clear- 
ness, ease, and elegance that are both astonishing and delightful. Throughout the entire 
geologic portion, the reasoning is markedly close, shrewd, and Intelligible— the facts are 
evidently at the finger's end of the author— and the most unwilling, cautious, and antago* 
nistto reader is compelled to yield his thorough assent to the argument."— itoston PosL 

GOULD AND LINCOLN, PUBLISHERS. BOSTON. 



THE OLD RED SANDSTONE; 



OB- 



NEW WALKS IN AN OLD HELD. 

BY HUGH KELLER. 

OX til IOUBTE LOIDOV IDIIIOV — ILLUSTRATED 



▲ writer, In noticing Mr. Miller's "First Impressions of England and the People,** ni 
Ike New Englander, of May, 1880, commences by saying, "We presume it It not neoes 
sary formally to introduce Hugh Miller to our readers ; the author of * The Old Bed Sand* 
•tone * placed himself, by that production, which was first, among the most successfni 
geologists, and the best writers of the age. We well remember with what mingled emotion 
and delight we first read that work. Barely has a more remarkable book come from the 
press. . . . For, besides the Important contributions which It makes to the science of Oeo> 
ogy, it is written in a style which places the author at once among the most accomplished 
writers of the age. ... He proves himself to be in prose what Barns has been in poetry. 
We are not extravagant in saying that there is no geologist living who, in the descriptions 
of the phenomena of the science, has united such accuracy of statement with so much 
poetic beanty of expression. What Dr. Buckland said was not a mere compliment, that 
* he had never been so much astonished in his life, by the powers of any man, as he had 
been by the geological descriptions of Mr. Miller. That wonderful man described these 
cbjects with a felicity which made him ashamed of the comparative meagreness and pov- 
erty of his own descriptions, in the Bridgewater Treatise, which had cost him hoars aitd 
days of labor/ For our own part we do not hesitate to place Mr. Miller in the front rai*k 
of English prose writers. Without mannerism, without those extravagances which give a 
factitious reputation to so many writers of the day, his style has a classic parity and ele- 
gance, which remind one of Goldsmith and Irving, while there is an ease and a naturalness 
In the Illustrations of the Imagination, which belong only to men of true genius." 

" The excellent and lively work of our meritorious, self-taught counti rman, Mr. Miller, 
Is as admirable for the clearness of its descriptions, and the sweetness of its composition, 
as for the parity and gracefulness which pervade it."— Edinburgh Review. 

"A geological work, small in size, unpretending In spirit and manner; its contents, the 
eonsclentious narration of fact; its style, the beautiful simplicity of truth; and altogedei 
possessing, for a rational reader, an Interest superior to that of a novei * —-Or. J. py* Smith, 

"This admirable work evinces talent of the highest order, a deep and healthful mora, 
feeling, a perfect command of the finest language, and a -beautiful anion of philosophy and 
poetry. No geologist can peruse this volume without instruction and delight. "— £•!**• 
i's American Journal of Science. 



M Mr. Miller's exceedingly Interesting book on this formation is Just the sort of work te 
render any subject popular. It is written in a remarkably pleasing style, and eonlam*) a 
wonderful amount of information."— Westminster Review. 

u Ii Mr. Miller's charming little work will be found a very graphic description of the Old 
Bedfishes. I know not of a more fascinating volume on any branch of British geology.**— 
MamUlVt Medals of Creation. 

Bin Roderick Mubchisok, giving an account of the investigations of Mr. Miller, spoke 
In the highest terms of his perseverance and ingenuity as a geologist. With no other advaa 
tages than a common education, by a careful use of his means, he had been able to give 
himself an excellent education, and to elevate himself to a position which any man, In any 
sphere of life, might well envy. He had seen some of his papers on geology, written % 
style so beautiful and poetical as to throw plain geologists, like himself, in the shads. 

GOULD AND LINCOLN, PUBLISHERS, B 08 TON. 



THE POETRY OF SCIENCE; 

OR, STUDIES OF THE PHYSICAL PHENOMENA OF NATUBB 

BY ROBERT HUNT, 

ArrnoR of "faxthba," u bkskabchbs ok light," etc 



«•* 



NOTICES OP THE PRESS. 

4 UTe know of no work upon science which Is so well calculated to lift the mind from Om 
admiral Ion of the wondrous works of creation to the belicfin, and worship of, a First Great 
Cause. * * * One of the most readable epitomes of the present state and progress of 
seisnee we have perused/*— Morning Herald, London. 

44 The design of Mr. Hunt's volume Is striking and good. The subject Is very well dealt 
with, uid the object very well attained ; it displays a fund of knowledge, and is the work 
of an eloquent an 1 earnest man."— The Examiner, London. 

44 This book richly deserves the attention of the public. Its object, as may be surmised 
from the title. Is to paint the poetical aspect of science, or rather to show that the deepe* 
one investigates the mysteries of nature— whether In the formation of a continent. In th» 
orbit of a star, or in the color of a flower— the more awakened will be his wondor and his 
veneration, and the more call will there be upon his highest powers of the intellect and the 
Imagination."— Boston Post. 

44 It was once supposed that poetry and science were natural antipodes : and lo ! they low 
are united In loving bonds. Mr. Hunt has certainly demonstrated that the divlnest poetry 
l!< s hidden In the depths of science, and needs but a master spirit to evoke it In shapes of 
baanty."— Christian Chronicle. 

m 

"It may be read with Interest, by the lovers of nature and of science.'*— N. 7. Tribune. 

44 It Is written In a style not unworthy of the grandeur of the subject.** —N. 7. Eve. Post. 

41 The author, while adhering to true science, has set forth Its truths In an exceedingly 
captivating style. "— *V«w York Commercial Advertiser. 

*• We are heartily glad to see this interesting work re-publlshed In America. It is a hook 
that is a book."— Scientific American. 

" From the arcana of science especially, has the author gleaned what may be properly 
termed her poetry, which will make the book one of the most interesting character to the 
intelligent reader'."— Christian Herald. 

44 It is reallv a scientific treatise, fitted to Instruct and enlarge the mind of the reader, bo* 
at the same time It invests the subjects it describes with the radiance of the imagination, 
and with the charming association of poetry. The book well deserves the title it bear*, and 
is a beautiful illustration of the«poeUc Interest that belongs to many of the discussions ol 
the science.*' — Providence Journal. 

44 It Is one of the most readable, Interesting, and instructive works of fho kind, that we 
have ever smen." — Philadelphia Christian Observer. 

44 In this admirable production, Mr. Hunt offers a beautiful epitome of tho physical phe- 
nomena of Nature, in which, from their ultimate facts, he leads his reader by inductive 
Srocesses, to the contemplation of vast eternal truths. Though full of information, the 
lets cited In his pages are not collected solely because they are such, but with true ppllo- 
scphl cal acumen, to build up the edifice ; and if curious or rare, they are selected merely to 
strength an the position In which they are placed.**— Washington Union. 

44 TTs anticipate a wide circulation for it In this country.*' —Albany State Register. 

44 Tfce scientific compass of the volume Is large, and its execution is exceedingly fine ant 
Interesting.'*— Zion's Herald. 

44 Wa noticed this eloquent work, while It was in the course of publication. It is now oxt 
bi bes/itiful stvle, and makes with tho notes, which are full and as valuable as the text.i 
. TOVome of nearly four hundred pages. The publishers could not have done the poets of Um 
land a better service, than by thus supplying them with exhaustless materials, collectei 
from all branches of science, and admirably arranged for their more substantial structure. 
— Watchman and Reflector. 

• 4 Here we have an Illustration of the true and beautiful, and how that they are always 
ene. The mysterious laws of nature, and the phenomena by which they are manifested 
are brought before the reader In a way that enchants and improves. There is poetry Is 
science, as no one may deny, after he reads this book.'*— Baltimore Patrtot. 

GOULD AND LINCOLN, PUBLISHERS, BOSTON. 



YAMTABM SOISaVWIO WOBBS. 

THE EARTH AND MAN : Lectures on Comparative Physical Gboqrapht, in its 
relation to the History of Mankind. By Asm old Gotot. Professor of Physical Geography 
and History, Keuchatel. Translated from the French, by Prof. G. C. Fxltow, with lUus- 
Seoond thousand. 12mo, o]oth,....l 1 2» 



* Those who hare been accustomed to regard Oeeg mphy ss a merely descriptive branch of team - 
tag, drier than the remainder biscuit after a voyage, will be delighted to And this hitherto un- 
attractiTe pursuit converted into a science, the principles of which are definite and the mutts 
conclusive.''— JEcrtA America* Review. 



"The grand idea of the work is happily ex pres s ed by the author, where he calls it the geography 
leal march 0/ history. Faith, science, learning, poetry, taste, in a word, genius, hare liberally 
contributed to the production of the work under review. Sometimei we feel as ifwe were 
studying a treatise on the exact sciences 1 at others, it strikes the ear like an epic poem. Now it 
reads like history, and now it sounds like prophecy. It will And readers in whatever language 
it may be published."— Christian Examiner.* 

" The work is one of high merit, exhibiting a wide range of knowledge^ great research, and a 
philosophical spirit of Investigation. Its perusal will well repay the most learned in such subjects, 
end give new views to all, of man's relation to the globe he inhabits.**— Silliman's Journal. 

COMPARATIVE PHYSICAL AND HISTORICAL GEOGRAPHY: or, tho 
8tndy of the Earth and its Inhabitants. A series of graduated courses for the ose of 
Schools. By Arnold Gctot, author of " Earth and Man," etc. 

The series hereby announced will consist of three courses, adapted to the capacity of three dif- 
ferent ages and periods of study. The first is intended for primary schools, and for children of 
from seven to ten years. The second is adapted for higher schools, and for young persons of from 
ten to fifteen years. The third is to be used as a scientific manual in Academies and Colleges. 

Each course will be divided into two parts, one of purely Physical Geography, the other for Eth- 
nography, Statistics, Political and Historical Geography. Each part will be illustrated by a colored 
Physical and Political Atlas, prepared expressly for this purpose, delineating, with the greatest 
care, the configuration of the surface, and the other physical phenomena alluded to in the corres- 
ponding work, the distribution of the races of men, and the political divisions into States, Vc^ flrc 

The two parts of the first or preparatory course are now in a forward state of preparation, and 
wul be issued at an early day. 

MURAL MAPS: *> series of elegant colored Slaps, exhibiting the Physical Phenomena 
of the Globe. Projected on a large scale, and intended to he suspended in the Recitation 
Boom. By Ajlnold Guyot [in preparation) 

KITTO'S POPULAR CYCLOP/EDIA OF BIBLICAL LITERATURE. Con- 
densed from the larger work. By John Kitto, D. D., F. S. A., author of "The Pictoral 
Bible," " History and Physical Geography of Palestine," Editor of " The Journal of 
Sacred Literature," etc. Assisted by numerous distinguished Scholars and Divines, 
British, Continental and American. With numerous illustrations. One volume, 
octavo, 8l2pp cloth 8,00 

Thi Popular Biblical Cyclopaedia or Litbraturb is designed to furnish a Dictiokart 
or thi Bibli, embodying the products of the best and most recent researches in Biblical Liter- 
ature, in which the Scholars of Europe and America have been engaged. The work, the result 
of immense labor and research, and enriched by the contributions of writers of distinguished 
eminence in the various departments of 8acred Literature, — has been, by universal consent, 
pronounced the best work of Its class extant 1 and the one best suited to the advanced knowledge 
of the present day in all the studies connected with Theological Science. 

The Cyclopaedia of Biblical Literature from which this work is condensed by 'Ac author, is 
published In two volume's, rendering it about twice the size of the present work, and is intended, 
says the author, more particularly for Ministers and Theological Students » while the Povular 
Cyclopaedia Is Intended for Parents, Sabbath School Teachers, and the great body of the religious 
public It has been the author's aim to avoid Imparting to the work any color of sectarian or 
denominational bias. On such points of difference among Christians, the Historical mode of 
treatment has been adopted, and care has been taken to provide a fair account of the arguments 
which have seemed most conclusive to the ablest advocates of the various opinions. The Pictoral 
Illustrations — amounting to more than three hundred— are of the very highest order of tha a*a> 



IMPGETABT WOBI. 



KITTO'S POPULAR CYCLOP/EDIA OF BIBLICAL LITERATURE. Con 
densed from the larger work. By John Kitto, D. D. Assisted by numerous 
distinguished Scholars and Divines, British, Continental and American. With 
numerous Illustrations. One volume, octavo, 812 pp. cloth, $8,00 

$*r This is just ths work for Sabbath School Teachers, the Family Library, and for 
every one, indeed, who wishes aid in the study of the Scriptures. It contains an 
immense amount of important information to be found nowhere else. 

* 

The New York Commercial Advertiser says, " This is a Dictionary of scriptural topics, 
which should find a place in every library. Sunday School Teachers, and all who study the 
Scriptures, will find this Cyclopaedia a more valuable auxiliary than any work extant of 
whkhwe have a knowledge. 

It Is the result of the combined biblical, scholastic, and scientific minds of the highest 
Cffder, and scarcely a question can arise in the mind of the reader of the Sacred Book, but 
may be answered by reference to this comprehensive volume. For the Family Library, as 
well as for Biblo Classes and Sunday School Teachers, we cordially recommend it." 

The Puritan Recorder says, M Here we have the larger work referred to in the title, boiled 
down more -than one half, and made more strong and rich by the evaporation. To that 
numerous and most useful class of laborers in the Lord's vineyard, the Sabbath School 
Teacher*, we would respectfully offer our advice to appropriate three dollars each to make 
themselves possessors of this valuable help for the discharge of their duties. If any one 
of them should not have the money, we counsel him * to sell his garment and buy one.' " 

The Philadelphia Christian Observer says, " This is a large, handsome and valuable book ; 
it is very happily adapted to meet the wants of the Family, the Sunday School Teacher, and 
the great majority of the Christian public. As a Bible Dictionary, it is a work of distin- 
guished merit, embodying the results of the best and most recent researches in biblical 
literature, in which the scholars of Europe and America have been engaged." 

The Mercantile Journal says, " We have examined the work with the greatest interest, and 
can assure our readers that it is a book of no ordinary value. We know of no work which 
is more worthy a place by the side of the Bible in every family. It is a book which the 
Bible reader will consult with pleasure, and which will enhance the interest of the Bible 
itself, by making the reader more thoroughly acquainted with the localities mentioned 
therein, with the circumstances connected with the preparation of each book of the sacred 
Word, with the manners and customs of the ancients, with the geography of the Holy 
Land, and, in short, with every thing connected with the literature of the Bible which 
would be likely to be of interest to the ordinary reader. 

The Albany Spectator says, "Here is indeed a rich treasury tor the minister and the 
church, embodying the products of the best, most recent, and reliable researches in biblical 
literature, and presented in a form so full, and yet so condensed, as to put it within the 
reach of hundreds of ministers who did not feel able to purchase the unabridged work 
In this volume you have the pith of the entire work. 

The Christian Chronicle says, " It is a work of immense research, embodying the latest 
results of biblical study, contributed by a large corps of enthusiastic and venerable 
scholars. 

For reference in the family,' for the use of the Sabbath School Teacher, and for Bible 
Classes, it is beyond comparison the best biblical manual issued from the press We pre* 
diet for it an extensive circulation, for it must gradually displace Robinson's ( hmlet, and 
the other smaller and more incomplete manuals which have hitherto been in common use." 

The New York Christian Intelligencer says, " We know of no work in the language, ai 
a repository of biblical literature, to be at all compared with this most valuable collection 
of Dr. Kitto. This work is an emanation from more than forty of the most able and pro- 
found scholars in sacred literature to be found in the world. England, Scotland, Ger- 
many, and these United States, have all here a most respectable representation ; and the 
work does honor to them all." 



CONTRIBUTIONS TO THEOLOGICAL SCIENCE. 

BY JOHN HARRIS, D. D. 



I. THE PRE-ADAMITE EARTH. 

NOTICES OF THE PRESS. 

" Ai we have examined every page of this work, and put forth our best efforts to un- 
derstand the full import of its varied and rich details, the resistless impression has come 
over our spirits, that the respected author has been assisted from on high in his labo- 
rious, but successful undertaking. May it please God yet to aid and uphold him, to 
complete his whole design ; for we can now see. if we mistake not, that there is great 
unity as well as originality and beauty in the object which he is aiming to accomplish. 
If we do not greatly mistake, this long looked for volume, will create and sustain a 
deep impression in the more intellectual circles Of the religious world."— London Evan* 
Wheat Magazine. 

44 The man who finds his element among great thoughts, and Is not afraid to push 
into the remoter regions of abstract truth, be he philosopher or theologian, or bothy 
will read it over and over, and will find his intellect quickened, as if from being in con* 
tact with a new and glorious creation." — Albany Argus. 

" Dr. Harris states in a lucid, succinct, and often highly eloquent manner, all the 
leading facts of geology, and their beautiful harmony with the teachings of Scrip- 
ture. As a work of paleontology in Its relation to Scripture, it will be one of the most 
complete and popular extant. It evinces great research, clear and rigid reasoning, and 
a style more condensed and beautiful than is usually found in a work so profound. 
It will be an invaluable contribution to Biblical Science." — New York Evangelist. 

44 He is a sound logician and lucid reasoner, getting nearer to the groundwork of a 
subject generally supposed to have very uncertain data, than any other writer within 
our knowledge." — iVWo York Com. Advertiser. 

" The elements of things, the laws of organic nature, and those especially that lie at 
tl e foundation of the divine relations to man, are here dwelt upon in a masterly man- 
nc. w — Chrutian Rejector, Boston, 

II. MAN PRIMEVAL; 

OR THE CONSTITUTION AND PRIMITIVE CONDITION OF THE HUMAN BRING. 

WITH A FINK PORTRAIT OF THK AUTHOR. 

NOTICES OF THE PRESS. 

"It surpasses in interest Its predecessor. It is an able attempt to carry out the 
author's grand conception. His purpose is to unfold, as far as possible, the successive 
Steps by which Ood is accomplishing his purpose to manifest His All-sufficiency. * * • 
The reader is led along a pathway, abounding with rich and valuable thought, going 
on from the author's opening propositions to their complete demonstration. To stu- 
dents of mental and moral science, it will be a valuable contribution, and will assuredly 
secure their attention." — Christian Chronicle, Philadelphia. 

" It Is eminently philosophical, and at the same time glowing and eloquent. It can- 
not fail to have a wide circle of readers, or to repay richly the hours which are given 
to its pages." — New York Recorder. 

u The reputation of the author of this volume is co-extensive with the English lan- 
guage. The work before us manifests much learning and metaphysical acumen. Its 
great recommendation is, its power to cause the reader to think and reflect.'] — Boston 
Recorder. 

"Reverently recognizing the Bible as the fountain and exponent of truth, he is as in- 
dependent and fearless as he is original and forcible ; and he adds to these qualities 
consummate skill in argument and elegance of diction." — N. Y. Com. Advertiser. 

u His copious and beautiful illustrations of the successive laws of the Divine Mani- 
festation, have yielded us inexpressible delight."— London Eclectic Review. 

" The distribution and arrangement of thought in this volume, are such as to afford 
ample scope for the author's remarkable powers of analysis and illustration. 1 1 look* 
Ing with a keen and searching eye at the principles which regulate the conduct of God 
towards man, as the intelligent inhabitant of this lower world, Dr. Harris has laid down 
for himself three distinct, but connected views of the Divine procedure : First, The End 
aimed at by Ood ; Second, the Reasons for the employment of it. In a very masterly 
way does our author grapple with almost every difficulty, and perplexing subject whion 
somes within the range of his proposed inquiry into the constitution and eonditfoai 
jfHaa Primeval."— London Evangelical History. 

III. T5E FAMILY; 

ITS CONSTITUTION, PROBATION AND HISTORY. 

flW PREPARATION.] 



CHAMBERS'S 

CYCLOPEDIA OF ENGLISH LITERATUKB. 

4 •JLXCTION OF THS CHOICBST rftODUCTIOIfS OF BlfQLISH AUTHOBS, FSOM TBI 

BABXIEST TO THB PBBIEIfT TIME t CONNECTED BY A CBITICAX. 

ARO BIOOBAPMICAL HISTOBT. 

EDITED BY ROBERT CHAMBERS. 

ASSISTED 8T ROBERT CABBUTHEBS AND OTHEB EMINENT OENTLBMBV. 

Complete in two imperial octavo volumes, of more than fourteen 

hundred pages of double column letterpress, and upwards of 

three hundred elegant illustrations. 



Tkio vehuUe work has now become so generally known and appreciated, that there nasi 
saarcely be any thing said in commendation, except to those who have not yet teen iti 

The work embraces about One Thousand Authors, chronologically arranged and dossed 
as Poets, Historians, Dramatists, Philosophers, Metaphysicians, Divines, etc, with theism 
selections from their writings, connected by a Biographical, Historical, and Critical Jfarreh 
live i thus presenting a' complete view of English Literature, from the earliest to the present 
time. Let the reader open where he will, he cannot fail to find matter for profit and delight, 
wh ic h, for the most part, too, repeated perusals will only serve to make htm enjoy the mora. 
We have indeed infinite riches m a little room. JVb one, who has a taste Jor literature, 
should allow himself, for a trifling consideration, to be without a work which throws so 
much light upon the progress of the English language. The selections are gems — a mess 
of valuable information m a condensed and elegant form, 

EXTRACTS FROM COMMENDATORY NOTICES. 

From W. H. PrescoU, Author of " Ferdinand and Isabella.** " The plan of the work 
la very judicious. * * It will put the reader in the proper point of view, for survey* 
ing th* whole ground orer which he ii travelling. * * Such readers cannot tail to 
proni largely by the labors of the critic who has the talent and taste to separate what 
n really beautiful and worthy of their study from what is superfluous." 

" I concur in the foregoing opinion of Mr. PrescoU." — Edward Everett. 

" It will be a useful and popular work, indispensable to the library of a student ef 
English literature." — Francis fVaylandl 

** We hail with peculiar pleasure the appearance of this work, and more especially 
its republication in this country at a price which placet it within the reach of a great 
Dumber of readers." — Worth American Review. 

** This ii the most valuable and magnificent contribution to a sound popular Mtere- 
twre that this century has brought forth. It fills a place which was before a ulank. 
Without it, English literature, to almost all of onr countrymen, educated or unedu- 
cated, is an imperfect, broken, disjointed mass. Much that is beautiful — the moat 
perfect and graceful portions, undoubtedly — was already possessed ; but it was not 
a whole. Evevy intelligent man, every inquiring mind, every scholar, felt that the 
foundation was missing. Chambers's Cyclopedia supplies this radical defect. It be- 
gins with the beginning ; and, step by step, gives to every one who has the intellect or 
taste to enjoy it a view of English literature in all its complete, beautiful, and perfect 
proportions." — Onondaga Democrat, JV. Y. 

" We hope that teachors will avail themselves of an early opportunity to obtain a 
work so well calculated to impart useful knowledge, with the ploasures and ornaments 
of the English classics. The work will undoubtedly find a place in our district and 
other public libraries; yet it should be the «vade mecum' of every scholar."—- 
Teachers* Advocate, Syracuse, JV. Y. 

M The work is finely conceived to meet a popular want, is full of literary instruction, 
end is variously embellished with engravings illustrative of English antiquities, his> 
torv, and biography. The typography throughout is beautiful." — Christian Refieetsr, 
Boston, 

" The design has been well executed by the selection and concentration of some of 
the best productions of English intellect, from the earliest Anglo-Saxon writers down 
to those of the present day. No one can give a glance at the work without being 
struck witb its beauty and cheapness." — Boston Courier. 

" We should be glad if any thing we can say would favor this design. The elegance 
of tho execution feasts the eye with beauty, und ihe whole is suited to refine ana ele- 
vate the taste. And we might ask, who can fail to go back to its beginning, and trace 
his mother-tonguo from its rude infancy to its present maturity, elegance, and richness f " 
Christian Mirror, Portland! 

•.• The Publishers of the AMERICAN Edition of this valuable work desire to Mate that, betides am 
BMuecous pictorial illustrations in the English Edition, they hare greatly enriched the work by the addltioa 
of flae steel and mezzotint engravings of the beads of Shakspeare, Addison, Byron : a full length pottffcS 
Sf Dr. Johnson, and a beautliul scenic representation of Oliver Goldsmith find I)r. Johnson. Those intra* 
; sad elegant additions, together with superior paper and binding;, T.nsi give this a deckled nt 
ail other editions. _ 



FOR SCHOOL AND FAMILY LIBRARIES. 



CHAMBERS'S MISCELLANY 

OF USEFUL AND ENTERTAINING KNOWLEDGE, 

TEN VOLUMES, ELEGANTLY ILLUSTRATED. 

The design of the Miscsixiirr is to supply the increasing demand for useful, 
btslruciive, and entertaining reading, and to bring all the aids of literature to bear 
en the cultivation of tko /flings and understanding of the people — to impress octree* 
Tiews on important moral and social questions — to furnish an unobtrusive friend 
and guide, a lively fireside companion, as far as that object can be attained ttsough 
the instrumentality of books. 

This work is confidently commended to Teachers, School Committees, and 
all others interested in the formation of " School Libraries," as the very best work 
for this purpose. Its wide range of subjects, presented in the most popular style, 
makes it exceedingly interesting and instructive to all classes. The most flat- 
tering testimonials from distinguished school teachers and others, expressing an 
earnest desire to have it introduced into all school libraries, have been received by 
the publishers. 

From George B. Emerson, Esq., Chairman of the Book Committee of the Bottom Schools. 
— "I have exnmined with a good deal of care * Chambers's Miscellany of Useful 
and Entertaining Knowledge,* particularly with reference to its suitableness to 
form parts of a library for young persons. It is, indeed, a library in itself, and one 
of great value, containing very choice selections in history, biography, natural 
history, poetry, art, physiology, elegant fiction, and various departments of science, 
made with great taste and judgment, and with the highest moral and philanthropic 

{lurpose. It would be difficult to find any miscellany superior or even equal to it 
t richly deserves the epithets * useful and entertaining/ and I would recommend 
it very strongly, as extremely well adapted to form parts of a library lor the young, 
or of a social or circulating library, in town or country." 

From the Rev. John O. Choules t D. D. — "I cannot resist the desire which I feel 
to thank you for the valuable service which you have rendered to the public by 
blacing this admirable work within the reach of all who have a desire to obtain 
knowledge. I am not acquainted with any similar collection in the English laa* 
guage that can compare with It for purposes of instruction or amusement. I should 
rejoice to see that set of books in every house in our country. I cannot think of 
any method by which a father can more materially benefit his children than by 
surrounding them with good books ; and if these charming and attractive volumes 
can be placed in the hands of the young, they will have their tastes formed for good 
reading. I shall labor to see the Miscellany circulated among my friends, and shall 
lose no opportunity to commend it every where." 

" They contain an excellent selection of historical, scientific, and miscellaneous 
articles in popular style, from the best writers of tho language. The work is ele- 
gantly printed and neatly illustrated, and is sold very cheap." — Independent Dem- 
ocrat, Concord, JV*. H. 

" It is just the book to take up at the close of a busy day ; and especially will it 
shed a new charm over autumn and winter in-door scenes." — Christ. World, Boston, 

"The information contained in this work is surprisingly great; and for the fire- 
side, and the young particularly, it cannot fail to prove a most valuable and enter- 
taining companion." — JVeto York Evangelist 

•• We are glad to see an American issue of this publication, and especially in se 
neat and convenient a form. It is an admirable compilation, distinguished by the 
food taste which has been shown in all the publications of the Messrs. Chambers. 
It unites the useful and tne entertaining." — JVew York Commercial Advertiser. 

" It is an admirable compilation, containing interesting memoirs and historical 
■ketches, which are useful, instructive, and entertaining. Every head of a family 
should supply himself with a copy for the benefit of his children." — Corning Journal 

'The enterprising publishers deserve the thanks of every lover of the beautiful 
ind true, for the cheap and tasteful style in which they have spread this truly val- 
uable work before the American people." — People's Advocate, Pa. 

"It is filled with subjects of interest, intended for the instruction of thf lonthftil 
salad, sach as biography, history, anecdotes, natural philosophy, &.< ''—.Yea* 
Or l ea ns Bos, 



DaluabU Srijool Books. 

THE ELEMENTS OF MOBAL SCIEKCE. By y&um 
?i AT , L £^' D 'P' President of Brown University, and Professor of 
Moral Philosophy. Fortieth Thousand. 12mo. cloth. Price $1.26 

V This work has been extensively and favorably reviewed and adopted as a irtatHwok 
In mott of the collegiate, theological, and academical institution, of the country. 

Aram Rev. Wilbur Fish, President of the W^c\an Univerrtt* 
"I hare examined it with mat satisfaction and interest The work was greatly needed, 
md is wen executed. Dr. vPayliuid deserves the grateful acknowledgment* and liberal 
patronage of the public. I need say nothing further to express my high estimate of the 
work, than that we shall immediately adopt ft as a text-book In our university." 

From Mm. James Kent, lots Chancellor of Sew York. 

a»" BEST'S h *i!" n \l? d °7 "»• attentively and thoroughly; and I think very highly ef 
Jkt 1 ?! author himself is one of the most estimable of men, and I do not know of «y 
ethical treatise, in which our duties to God and to our fellow-men aro laid down with aw& 
precision, simplicity, clearness, energy, and truth." 

••The work of Dr.Wayland has arisen gradually from the necessity of correcting the 
false principle! and fallacious reasonings of Paley. It is a radical mistake, in the edVs- 
tkm of youth, to permit any book to be used by students as a text-book, which contains 
erroneous doctrines, especially when these are fundamental, and tend to vitiate the whole 
system of morals. We have been greatlr pleased with the method which President Way- 
land has adopted i he goes back to the simplest and most fundamental principles i and. in 
Ihe statement of his views, he unites perspicuity with conciseness and precision. In aU 
the author's leading fundamental principles we entirely concur." — Biblical Repository. 

« This U a new work on morals, for academic use, and we welcome it with much satis- 
faction. It is the result of several years' reflection and experience in teaehing, on the part 
of its justly distinguished author \ and if it is not perfectly what we could wish, yet. in the 
most important respects, it supplies a want which has been extensively felt. It Is, we 
think, substantially sound in its fundamental principles t and being comprehensive and 
elementary in its plan, and adapted to the purposes of instruction, it will be gladly adopted 
by those who have for a long time been dissatisfied with the existing works of Paley.** 

The Literary and Theological Review. 

KORAL SCIENCE, ABRIDGED, by the Author, and adapted 
to the use of Schools and Academies. Twenty-fifth Thousand. 18mo. 
half cloth. Price 25 cents. 

The men effectually to meet the desire expressed for a cheap sdUfoti, the present edition is keoed 
at the rsduesdpries of 86 cento per copy, and it is hoped thereby to extend the benefit of moral in- 
struction to all the youth of our land. Teachers and all others engaged in the training of youth, are 
invited to examine this work. 

M Dr. Wayland has published an abridgment of his work, for the use of schools. Of 
this step we can hardly speak too highly. It is more than time that the study of moral 
philosophy should be introduced into all our institutions of education. We are happy to 
see the way so auspiciously opened for such an introduction. It has been not merely 
abridged, but also re-written. We cannot but regard the labor as well bestowed." — Worth 
American Review. 

"We speak that we do know, when we express our high estimate of Dr. Wayland's 
ibflity in teaching Moral Philosophy, whether orally or by the book. Having listened to 
his instructions, in this interesting department, we oan attest how lofty are the principles, 
how exact and severe the argumentation, how appropriate and strong the illustrations 
which characterize his system and enforce it on the mind." — The Christian Witness. 

<* The work of which this volume is an abridgment, Is well known as one of the best and 
Biost complete works on Moral Philosophy extant The author is well known as one of 
the most profound scholars of the age. That the study of Moral Science, a science which 
teaches goodness, should be a branch of education, not only in our colleges, but in our 
schools and academies, we believe will not be denied. The abridgment of this work 
seems to us admirably calculated for the purpose, and we hope it will be extensively 
applied to the purposes for which it is intended.*' — The Mercantile Journal. 

"We hsil the abridgment as admirably adapted to supply the deficiency which has lease 
teen felt in common school education, — the study of moral obligation. Let the child 
*a**T be taught the relations it sustains to man and to its Maker, the first acquainting H 
***** the duties owed to society, the second with the duties owed to God. and wbo — 
foretell how many a sad and disastrous overthrow of character will be prevented, and ' 
■lei uteri and pure will be the sense of Integrity and virtue f " — Evening Qasstts. 



Doluqblt Bdjool Booka. 

KLBMBKT8 07 POLITICAL ECONOMY. By Faurosi 
Watland, D.D., President of Brown University. Fifteenth Thousand. 
12mo. cloth. Price $1.26 

M Hit object hat been to write a book, which any one who choose* may understand. He 
has, therefore, labored to express the general principles in the plainest manner possible, 



and to illustrate them by eases with which every person is familiar. It has been to the 
author a source of regret, that the course of discussion in the following pages, has, una- 
voidably, led Mm orer ground which has frequently been the arena of political contro- 
versy. In all such cases, he has endeavored to state what seemed to him to be truth, 
without fear, favor, or affection. He is conscious to himself of no bias towards any party 
whatever, and he thinks that he who will read the whole work, will be convinced that he 
has been influenced by none." — Extract /torn the Preface, 

POLITICAL ECONOMY, ABEIDGED, by the Author, and 
adapted to the use of Schools and Academies. Seventh Thousand. 
lftno. half morocco. Price 60 cents. 

V* The success which has v attended the abridgment of "The Elements of Moral 

itdence * has Induced the author to prepare an abridgment of this work. In this case. 

as in the other, the work has been wholly re-written, and an attempt has been made to 

adapt It to the attainments of youth. 

*» The original work of the author, on Political Economy, has already been noticed on 
our pages ; and the present abridgment stands in no need of a recommendation from as. 
We may be permitted, however, to say. that both the rising and risen.generations are 
deeply indebted to Dr. Way land, for the skill and power he has put forth to bring a highly 
Important subject distinctly before them, within such narrow limits. Though • abridged 
for the use of academies,' it deserves to be introduced into every private family, and to be 
studied by every man who has an interest in the wealth and prosperity of his country. It 
Is a subject little understood, even practically, by thousands, and still less understood 
theoretically. It is to be hoped, this will form a class-book, and be faithfully studied in 
our academies ; and that it will find Its way into every family library ; not there to be 
shut up unread, but to afford rich material for thought and discussion in the family 
circle. It Is fitted to enlarge the mind, to purify the judgment, to correct erroneous 
popular impressions, and assist every man in forming opinions of public measures, 
which will abide the test of time and experience." — Bottom Recorder, 

** An abridgment of this clear, common sense work, designed for the nse of academies 
Is just published. We rejoice to see such treatises spreading among the people; and we 
urge all who would be intelligent freemen, to read them.** — New York Transcript. 

" We can say, with safety, that the topics are well selected and arranged ; that the 
author's name Is a guarantee for mora than usual excellence. We wish it an extensive 
circulation.** — Jfew xbrk Ob&rver. 

** It is well adapted to high schools, and embraces the soundest system of republican 
political economy of any treatise extant" —Daily Advocate. 

THOUGHTS on the present Collegiate System in the United States. 
By Francis Waylahd, D.D. Price 60 cents. 

** These Thoughts come from a source entitled to a very respectful attention ; and as the 
author goes over the whole ground of collegiate education, criticising freely all the arrange- 
ments in every department and in all their bearings, the book is very full of matter. We 
hope it will prove the beginning of a thorough discussion.** 

PALSY'S HATTJHAL THEOLOGY. Illustrated by forty nlatea, 
and Selections from the notes of Dr. Paxton, with additional Notes, 
original and selected, for this edition ; with a vocabulary of Scientific 
Terms. Edited by John Ware, M.D. 12mo. sheep. Price $1.25. 

" The work before us Is one which deserves rather to be studied than merely read, 
Indeed, without diligent attention and study, neither the excellences of it can be fully dis- 
covered, nor its advantages realized. It is, therefore, gratifying to find it Introduced, m a 
text-book, into the colleges and literary institutions of our country. The edition before ut 
is superior to any we have seen, and, we believe, superior to any that has vet been pub- 
U»h«L n - Spirit of the PilffriTM. 

«* Perhaps no one of our author's works gives greater satisfaction to all classes of reader* 
the young and the old, the ignorant and the enlightened. Indeed, we recollect no book tn 
rhich the arguments for the existence and attributes of the Supreme Being, to be draw* 
from bis works are exhibited in a manner more attractive and more convincing." 

Christian Krnmtn*** 



Dalnable Bdjool Book'0 

■■I ■ I - I M ■■ . . .■■..»■ BMMM ■ ft 

BLAKE'S FIRST BOOK IK ASTRONOMY. Design*! Am 
the Use of Common Schools. By J. L. Blake, D.D. Illustrated by 
Steel Plate Engravings. 8vo. cloth back. Price 50 cents. 

From B. Hinckley, Professor of Mathematics in Maryland University. 

** I njk much Indebted to you for s copy of the First Book in Astronomy. It It a work 
»f utility and merit, far superior to any other which I have seen. The author has selected 
Us topics with great judgment, — arranged them in admirable order, — exhibited them in 
• style and manner at once tasteful and philosophical. Nothing seems wanting, — nothing 
«d lindane It Is truly a very beautiful and attractive book, calculated to afford bow 
pleasure and profit to all who may enjoy the advantage of perusing it" 

From B. Field, Principal of the Hancock School, Boston. 

» I know of no other work on Astronomy so well calculated to interest and instruct 
wing learners in this sublime science.'* 



From James T. Gould, AJt^ Principal of the High School for Young Ladies, 

Baltimore, Md. 

•* I shall Introduce your First Book in Astronomy Into my Academy In Septembea. 
Madder it decidedly superior to any elementary work of the kind I have ever seen." 

From Isaac Foster, Instructor of Youth, Portland. 

W I have examined Blake's First Book In Astronomy, and am much pleased with it. A 
very happy selection of topics is presented in a manner which cannot fail to interest vhe 
learner, while the questions will assist him materially in fixing in the memory what ought 
to be retained. It leaves the most intricate parts of the subject for those who are able to 
master them, and brings before the young pupil only what can be made intelligible and 
interesting to him." 

<* The illustrations, both pictorial and verbal, are admirably Intelligible i and the defini- 
tions are such as to be easily comprehended by juvenile scholars. The author has inter- 
woven with his scientific instructions much Interesting historical Information, and con- 
trived to dress his philosophy In a garb truly attractive. — N. Y. Daily Evening Journal. 

** We are free to say, that It Is, In our opinion, decidedly the best work we have any 
knowledge of, on the sublime and interesting subject of Astronomy. The engravings are 
executed in a superior style, and the mechanical appearance of the book is extremely 
prepossessing. The knowledge imparted is In language at once chaste, elegant, and 
simple — adapted to the comprehension of those for whom it was designed. The subject 
matter is selected with great judgment, and evinces uncommon industry and research. 
"We earnestly hope that parents and teachers will examine and judge for themselves, as 
we feel confident they will coincide with ns in opinion. We only hope the circulation of 
the work will be commensurate with its merits." — Boston Evening Gazette. 

M The book now before us contains forty-two short lessons, with a few additional ones 
which are appended in the form of problems, with a design to exercise the yonng learner 
In finding out the latitude and longitude on the terrestrial globe. We do not hesitate to 
recommend it to the notice of the superintending committees, teachers, and pupils of our 
public schools. The definitions in the first part of the volume are given in brier and clear 
language, adapted to the understanding of beginnera."- State Herald, Portsmouth, N. H. 

ILAKE'8 NATURAL PHILOSOPHY. Being Conversations on 
Philosophy, with the addition of Explanatory Notes, Questions for Exami- 
nation, and a Dictionary of Philosophical Terms. With twenty-eight steel 
Engravings. By J. L. Blaxjc, D.D. l2mo. sheep. Price 67 cents. 

*** Perhaps no work has contributed so much as this to excite a fondness for the study 
of Natural Philosophy in youthful minds. The familiar comparisons, with which it 
mLounds, awaken interest, and rivet the attention of the pupil. 

From Rev. J. Adams, President of Charleston College, Si CL 

"I hare been highly gratified with the perusal of your edition of Conversations on 
Natural Philosophy. The Questions, Notes, and Explanations of Terms, are valuable 
additions to the work, and make this edition superior to any other with which I ana 
acquainted. I shall recommend it wherever I have an opportunity.** 

* We avail ourselves of the opportunity furnished us by. the publication of a new edition 
of this deservedly popular work, to recommend it, not only to those instructors who may 
not already have adopted it, but also generally to ail readers who are desirous of obtaining 
Information on the subjects on which it treats. By Questions arranged at the bottom ol 
the pages, in which the collateral facts are arranged, ho directs the attention of the learner 
to the principal topics. Mr. Blake has also added many Notes, which illustrate the pas- 
sages to which they are appended, and the Dictionary of Philosophical Terms !s a useful 
addition." —U.S. Literary Gatette 



Valuable Scljool Uooka 



FBIHCIFLE8 OP ZO&LOGY; Touching the Structure, Deyewp. 
ment, Distribution, and Natural Arrangement of the Races op Animals, 
living and extinct, with numerous illustrations. For the use of Schools 
and Colleges. Part I., Comparative Physiology. By Louis Agassiz 
and Augustus A. Gould. 

JsxtmctM ^rotn fno Preface* 

" The design of this w«k b to furnish an epitome of the leading principles of the science 
•f Zoology, as deduced from tlw present itate of knowledge, so illustrated aa to be intelligible 
to the beginning student No similar treatise now exists in this country, and indeed, some 
of the topics have not been touched upon la the language, unless in a strictly technical 
form, and In scattered articles*** 

M Being designed for American students, the Illustrations have been drawn, as far as pos- 
sible, from American objects. * • * Popular names hare been employed as far as possible, 
and to the scientific names an English termination has generally been given. The first part 
Is devoted to Comparative Physiology, as the basis of Classification i the second, to System- 
atic Zoology, In which the principles of Classification will be applied, and the principal 
groups of animals briefly characterized.'' 

MODERN FRENCH LITEBATtTBE; By L. Raymond De Vi£ri- 

cour, formerly lecturer in the Royal Athenaeum of Paris, member of the 

Institute of France, &c. American edition, brought bown to the present 

day, and revised with notes by William S. Chasx. With a fine portrait 

of Lamartinb. 

*«* This Treatise has received the highest praise aa a comprehensive and thorough surrey 

of the various departments of Modern French Literature. It contains biographical and 

critical notes of all the prominent names in Philosophy, Criticism, History, Romance, 

Poetry, and the Drama i and presents a full and Impartial consideration of the Political 

Tendencies of France, as they may be traced in the writings of authors equally eonspic u- 

out as Scholars and as Statesmen. Mr. Chase, who has been the Parisian correspondent of 

several leading periodicals of this country. Is well qualified, from a prolonged residence In 

Franoe, his fiunttiarity with Its literature, and by a personal acquaintance with many of 

these authors, to introduce the work of Da Vericour to the American public 

** This is the only complete treatise of the hind on this subject, either in French or Eng- 
lish, and has received the highest commendation. Mr. Chase is well qualified to introduce) 
the work to the public. The book cannot fail to be both useful and popular." — Mem lark 
Evening Post. 

THE CICERONIAN; Or the Prussian Method of Teaching the 
Latin Language. Adapted to the use of American Schools, by B. Sjsajks. 
18mo. half morocco. Price 50 cents. 

From the Profea$on of Har v a rd Dhtveraity. 

" We beg leave to observe, that we consider this book a very valuable addition to our 
stock of elementary works. Its great merit is, that it renders the elementary instruction in 
Latin less mechanical, by constantly calling the reasoning power of the pupil into action, 
and gives, from the beginning, a deeper insight Into the very nature, principles, and laws 
not only of the Latin language, but of language in general If the book required any 
Other recommendation besides that of being the work of so thorough and experienced a 
scholar as Dr. Sears, it would be this, that the system illustrated in it is not a mere theory; 
but has been practically tested by many able instructors in Germany. We wish that the 
same trial may be made here. Very respectfully yours, Charms B«ck, 

UmorioVe, Oct S, 1844. a C ' FnTO *- 

VEMORIA TECHNICAL Or, the Art of Abbreviating those Studies 
which give the greatest Labor to the Memory; including Numbers 
Historical Dates. Geography, Astronomy, Gravities, &c ; also Rules for 
Memorizing Tecnnicalities/Nomenclatures, Proper Names, Prose, Poetry, 
and Topics in general. Embracing all the available Rules found in 
Mnemonics or Mnemotechny of Ancient and Modern Times. To which 
is added a perpetual Almanac for Two Thousand Years of Past Time and 
Time to Come. By L. D. Johnson. Third Edition, revised and improved 
Ostavo. cloth back Price 50 cents. 



tMoablc Sdjool Books. 



THE YOUNG LADIES' CLASS BOOK. A Selection or 
Lessons for Readme in Prose and Verse. By £. Bailey. A.M.. 
late Principal oi the Young Ladies* High School, Boston. Stereotyped 
Edition. 12ino. sheep. Price 8'6X cents. 

From ike Principals of the Public School* Jbr Females, Boston. 

♦•Gbktjlbihx: — Wehmve examined the Young Ladies' Class Book with interest and 
pleasure ; with interest, because we hare felt the want of a Beading Book expressly de- 
signed for the use of females i and with pleasure, because we have found it well adapted 
to supply the deficiency. In the selections for a Reader designed for boys, the eloquence 
of the bar, the pulpit, and the forum may be laid under heavy contribution ; but such 
■elections, we conceive, are out of place In a book designed for females. We have been 

! leased, therefore, to observe, that in the Young Ladies r Class Book such pieces are rare, 
'he high-toned morality, the freedom from sectarianism, the taste, richness, and adapta- 
tion of the selections, added to the neatness of its external appearance, must commend it to 
ail ; while the practical teacher will not fail to observe that diversity of style, together with 
those peculiar points, the want of which, few, who have not felt, know how to supply. 

Respectfully yours, Babhum Field, Abbaham Andbswb, 

B. Q. Pabkbb, Chablxs Fox" 

From the Principal of the Mount Vernon School, Boston. 

" I have examined with much interest the Young Ladies' Class Book, by Mr. Bailey 
mad have been very highly pleased with its contents. It is my intention to introduce ft 
into my own school i as I regard it as not only remarkably well fitted to answer its particu- 
lar object as a book of exercises in the art of elocution, but as calculated to have an influ- 
ence upon the character and conduct, which will be in every respect favorable. 

Jacob Abbott.** 

"We were never so struck with the importance of having reading books for female 
schools, adaptedparticularly to that express purpose, as while looking over the pages of 
this selection. The eminent success of the compiler in teaching this Drench, to which we 
eon personally bear testimony, is sufficient evidence of the character of the work, consid- 
ered as a selection of lessons in elocution j they are, in general, admirably adapted to 
cultivate the amiable and gentle traits of the female character, as well as to elevate and 
improve the mind." — Annals of Education. 

M The reading books prepared for academic use, ore often unsuitable for females. We 
ore glad, therefore, to perceive that an attempt has been made to supply the deficiency ; and 
we believe that the task has been faithfully and successfully accomplished. The selections 
ore judicious and chaste t and so far as they have any moral bearing, appear to be unex- 
ceptionable." — Education Eeporter. 

ROHAN ANTIQUITIES AND ANCIENT MYTHOLOGY. 

By G. K. Dillaway, A.M., late Principal in the Boston Latin School. 
With Engravings. Eighth Ed., improved. 12mo. half mor. Price 67 eta. 

From E. BaUey, Principal of the Young Ladies* High School, Boston. 

w Having used DiUaway's Roman Antiquities and Ancient Mythology in my school fot 
_ several years, I commend it to teachers with great confidence, as a valuable text-book on 
those Interesting branches of education. E. Bailby.* 

M The want of a eheap volume, embracing a succinct account of ancient customs, 
together with a view of classical mythology, has long been felt To the student of a lan- 

{;uage,some knowledge of the manners, habits, and religious feelings of the people whose 
anguage is studied is Indispensably requisite. This knowledge is seldom to be obtained 
without tedious research or laborious investigation. Mr. DtlTaway's book seems to have 
been prepared with special reference to the wants of those who are just entering upon a 
classical career; and we deem it but a simple act of justice to say, that it supplies the 
want, which, as we have before said, has long been felt In a small duodecimo, of about 
one hatdred and fifty pages, he concentrates the most valuable and interesting particulars 
relatii r to Roman antiquity ; together with as full an account of heathen mythology as is 
generally needed in our highest seminaries. A peculiar merit oT this compilation, and 
one which will gain it admission into our highly respectable female seminaries, Is #>** total 
absence of all allusion, even the most remote, to the disgusting obscenities of ancient 
mythology ; while, at the same time, nothing is omitted which a pure mind would feel 
Interested to know. We recommend the book as a valuable addition to the treatises In 
out schools and academies.'' — Education Eeporter, Boston. 

M We well remember, In the days of our pupilage, how unpopular as a study was the 
volume of Roman Antiquities introduced in the academic course. It wearied on account 
of its prolixity, filling a thick octavo, and was the prescribed task each afternoon for a 
long three months. It was reserved for one of our Boston Instructors to apply the con- 
densing apparatus to this mass of crudities, and so to modernize the antiquities of the old 
Romans, as to make a befitting abridgment for schools of the first order. Mr. Dillaway has 
presented such a compilation as must be Interesting to lads, and become popular as a text- 
book. Historical facts are stated with great simplicity and clearness i the most Important 
nainfts are seised upon, while trifling peculiarities are passed unnoticed."— Am. Traveller, 



PBINCIPLES OF ZOOLOGY, 

Touching the Structure, Development, Distribution and Natural 
Arrangement of the Races of Animals, living and extinct ; with numer- 
ous Illustrations. For the use of Schools and Colleges. Part 1. — Com* 
parative Physiology. 

Br Louis Aoassiz and Augustus A. Gould. 

EXTRACTS FROM THE PREFACE. 

" The design of this work is to furnish an epitome of the leading princi- 
ples of the science of Zoology, as deduced from the present state of 
knowledge, so illustrated as to be intelligible to the beginning student. No 
similar treatise now exists in this country, and, indeed, some of the topics 
have not been touched upon in the language, unless in a strictly technical 
form, and in scattered articles." 

44 Being designed for American students, the illustrations have been drawn, 
as far as possible, from American objects. . . . Popular names have 
been employed as far as possible, and to the scientific names, an English 
termination has generally been given. The first part is devoted to Com- 
parative Physiology, as the basis of Classification ; the second, to System- 
atic Zoology, in which the principles of Classification will be applied, and 
the principal groups of animals briefly characterized." 

NOTICES OF THE PRESS. 

" This work has beeoexpected with great interest It is not simply a 
system by which we are taught the classification of Animals, but it is 
really what it professes to be, tne ' Principles of Zoology/ carrying us on 
step by step, from the simplest truths to the comprehension of that infinite 
plan which the Author of Nature has established. . . . This book places 
us in possession of information half a century in advance of all our element- 
ary works on this subject. ... No work of the same dimensions has 
ever appeared in the English language, containing so much new and valu 
able information on the subject of which it treats." — Prof. James Hall, in 
the Albany Journal. 

" A work emanating from so high a source as the J Principles of Zoology,' 
hardly requires commendation to give it currency. The public have become 
acquainted with the eminent abilities of Prof. Agassiz through his lectures, 
and are aware of his vast learning, wide reach of mind, and popular mode 
of illustrating scientific subjects. In the preparation of this work, he has 
had an able coadjutor in Dr. A. A. Gould, a frequent contributor to the 
Transactions of the Boston Society of Natural History, and at present 
engaged upon the department of Conchology, for the publication of the late 
exploring expedition. The volume is prepared for the student in zoological 
science ; it is simple and elementary in its style, full in its illustrations, 
comprehensive in its range, yet well condensed, ana brought into the narrow 
compass requisite for the purpose intended." — Sillimaris Journal, June, 1848. 

" The work is admirably adapted to the use of schools and colleges, and 
ought to be made a study in all our higher seminaries, both male and 
female." — New York Observer. 

" To the testimony which is furnished by their distinguished scholarship, 
we may add, however, that the classifications of the work are so admirably 
arranged, and its descriptions given with so much simplicity and clearness 
of language, that the book cannot fail of its practical aim — to facilitate 
the progress of the beginning student It is a work for schools." — 

New York Recorder. 



1RINC1PLF.S OF ZOOLOGY — NOTICES OF THE PRESS. 

" The announcement of this work some time ago, as being in a course 01 
preparation, excited a high degree of interest among teachers, students, 
and the friends of science. The names of its authors gave ample assurance 
that it was no compilation drawn from other works, no mere reconstruction 
of existing materials. The work will undoubtedly meet the expectations 
that have Tjeen formed of it. and already it has been adopted as a text -book 
in several colleges. It breaks new ground ; as is said in the preface, ' some 
of its topics have not been touched upon in the language, unless in a strictly 
technical form, and in scattered articles.* The volume exhibits throughout 
great labor and care in preparing it for the public eye, and for the use of 
students. As it has no rival, we suppose its adoption will be almost univer- 
sal in literary institutions, and it will do much to awaken in the minds of 
multitudes an enthusiastic love of natural history." — Christian Reflector <f 
Watchman, 

* This work is designed as a text book for schools and colleges, and as 
an exposition of the interesting science of which it treats, it has many ob- 
vious advantages over any other treatise extant. It is the joint production 
of two gentlemen, whose researches in natural history have enlarged the 
domain of human knowledge, and one of whom stands confessedly at the 
head of the science of the age. It hence contains the latest and most 
approved classifications, with explanations and illustrations borrowed from 
the forms of animated nature, both living and extinct, and made accurate 
and perfect by the fullest acquaintance with the present condition of zoo 
logical science. As a text book it is admirably conceived. 

" The presence of Prof Agassiz in the United States, has given a new 
impulse to every branch of natural history, and we are happy to find him 
thus associated with Dr. Gould, one of our leading American naturalists, 
in explaining his favorite science to the youth of our schools and colleges/' 
Providence Journal, 

" No such work had previously appeared in our country. The produc- 
tion is worthy of the great names under whose care it has been prepared. 
Prof. Agassiz has a world-wide reputation, and Dr. Gould is regarded by the 
scientific men of Europe as the most eminent naturalist of our country. 
Schools and Academies will find it opens up a new and attractive study 
for the voung, and in no country js there a finer field opened up to the 
naturalist than in our own/' — Christian Alliance, Boston, 

" Anew and highly valuable publication, intended for a school book, but 
which will be found equally interesting and important for all to study. . . . 
Such a work as this has long been a great desideratum, and we rejoice that 
a want so strongly felt, has now, at length, been so well and so completely 
supplied/* — Boston Atlas, 

u This is entirely a new field in American elementary literature, no simi- 
lar treatise existing in this country. At first sight, the work appeared to 
us too abstruse for beginners, and for the use of those whom the author 
aims to benefit — the scholars in our common schools. A more careful 
examination convinces us that any teacher or scholar, who is in earnest to 
understand the subject, will find the application necessary at the commence- 
ment comparatively trifling, while the subsequent benefit will be immense. 
This is the first volume of the work, and is devoted to Comparative Physi 
ology, on which branch it is exceedingly complete. It is freely illustrated 
with the necessary wood cuts. The names or the authors will be a higher 
guarantee for scientific accuracy than any judgment we might pronounce.' 1 
Aew York Commercial Advertiser. 

u It is designed chiefly for the use of schools and colleges, and as an 
epitome of the subject on which it treats, contains more in a small space, 
than any book of the kind that has yet fallen under our notice." — Saturday 
Gleaner, Philadelphia. 
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IRVINE'S CYCLOPEDIA OF ANECDOTES OF LITERATURE AND THE 
FINE ARTS. Containing a copious and choice selection of Anecdotes of the 
rations forms of Literature, of the Arts, of Architecture, Engravings, Music, 
Poetry, Painting and Sculpture, and of the most celebrated Literary Characters 
and Artists of different countries and ages, etc Elegantly Illustrated. 

This Is a most amusing, instructive and entertaining work. The anecdotes are 
of a high order, and of such wonderful variety as to furnish something of interest 
for every class of readers, upon almost every possible topic. 

The Christian Times says, " The work will be one of rare interest to the scholar and to 
the general reader. It is illustrated with engravings^ and finely printed, the pages resem- 
bling in size and form the noble edition of * Chamber's Cyclopaedia/ by the same pub- 
lishers.' 1 

The Carpet Bag says, " This is one of the beat books of the season, and it presents, in s 
compact form, a thousand wise, witty and remarkable things, that might otherwise never 
have reached that inordinate public, which, like the daughter of the * horse leech ' we 
read of, is continually craving." 

The work will first be published in eight numbers, at twenty-five cents each 
which together will make an elegant royal octavo volume of about 730 pages. The first 
number has just been issued, and the others will follow once in two weeks till com- 
pleted. 

A WREATH AROUND THE CROSS; or, Scripture Truth Illustrated. By 
Rev. A. Morton Brown. With an Introduction, by Bkv. John Angell James. 
With an elegant Frontispiece. 16mo. cloth, 60 cents. 

The Ziorfs Herald says, " In a richly evangelical style the author illustrates the essential 
truths of religion by their relation to the Cross. The plan of the work is happy, and its 
execution able." 

The Albany Spectator says, " We have not seen a book for many a day with a more 
beautiful title than this. And the frontispiece is equally beautiful, presenting Christ as 
cheering the prospect. Learing the field of mere controversy to othess, the author at once 
approaches and leads all with him to the cross ; exhibits it as the means of our justifica- 
tion, sanctification and eternal blessedness ; aims to cultivate the heart rather than the 
intellect ; takes the enquirer from the sign to the thing sanctified ; and gives both edification 
and consolation to enquiring sinners." 

GUYOT'S MURAL MAP OF THE WORLD, on a large scale, (5 by 7 feet,) for 
the Recitation Room. Printed in three colors. Price, mounted, $10,00. 

THE NATURAL HISTORY OF THE SPECIES; Its typical forms and 
primeval distribution. With elegant illustrations. By Charles Hamilton Surra. 
With an Introduction, containing an abstract of the views of Blumenbach, 
Priohard, Bachman, Agassiz, and other writers of repute, by Samuel Knexlanb, 
Jr., M. D. 12mo. cloth, $1,25 

THE EXCELLENT WOMAN, as described in the Book of Proverbs. With 
splendid Illustrations, and an Introduction, by Rev. William B. Spraous, D. D. 
12mo. cloth, extra, in pros 

IO" An elegant Gift Booh. 

NOVELTIES OF THE NEW WORLD, an Account of the Adventures and 
Discoveries of the First Explorers of North America. 12mo. cloth, in press. 

Being second volume of Banvard's Series of American Histories 

OUNG AMERICANS ABROAD: or Vacation La Europe ; embodying the results 
of a tour through Great Britain, France, Holland, Belgium, Germany and Switzerland, 
vith elegant Illustrations. 16m o. cloth, in press. 
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